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Chapter 1. Introduction 
1.1 Setting the context 
Ethiopia is a mountainous country in the East Africa Horn region with topographic features 
dominated by rugged terrains, deep gorges and associated lowland plains, and it is bisected 
plateau by the Great Rift Valley—the northwestern and the southeastern highlands. 
Geographically, it lies between latitudes 3°24′N and 14°53′N and longitudes 32°42′E and 
48°12′E (see Figure 1), neighboring with Sudan and South Sudan to the west, with Eritrea 
to the north, with Djibouti and Somalia to the east and with Kenya to the south. It has a 
surface area of 1.127 million km2. According to the World Bank estimate, as of 2015 a 
population of more than 99 million people (over 99 people per square km) inhabits the 
country, growing at a rate of about 2.5% per annum, of which 80% reside in rural areas 
(World Bank, 2017). This makes the country the second populous nation in Africa next to 
Nigeria (Hermans-Neumann et al., 2017; World Bank, 2017). 
Ethiopia is one of the poorest countries of the world with per capita income of USD 590 
for year 2015 (World Bank, 2017). Climatic conditions within the country are quite diverse 
due to topographic-induced variations, ranging from semi-arid to humid and warm (i.e., 
tropical monsoon climate), and altitude ranges from 125 m b.s.l. at Danakil Depression to 
4,620 m a.s.l. at Ras Dashen Mountain, the highest point in the country (Taddese, 2001). The 
annual rainfall contrasts from as low as 100 mm year–1 in the northeast lowlands of Afar 
region to as high as 2,500 mm year–1 in the southwest highlands with high variation across 
the country (Hermans-Neumann et al., 2017). The relative favorable conditions of the 
Ethiopian highlands, which represent areas exceeding 1,500 m a.s.l. and mean annual 
temperature of 20 °C or less, have attracted humans to make a living through farming for 
long time (Sonneveld & Keyzer, 2003).  
To date, as elsewhere in SSA, the agriculture sector in Ethiopia is central to the economy 
in terms of income, employment and generation of export revenue. Although showing a 
slight decline over the years, it accounts about 41% of the country’s total GDP, close to 81% 
of its total employment (World Bank, 2017), and approximately 70% of its total export 
earnings (FAO, 2014). Except in the lowland and pastoral areas, agriculture in the country 
is characterized by subsistence mixed farming system where crop cultivation and livestock 
husbandry form important components. 
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Figure 1: Location map of Ethiopia (Source: Hermans-Neumann et al., 2017) 
 
Among the sub-sectors of agriculture, crop production is a major contributor to GDP 
accounting for approximately 29% in 2005/2006 (Alemayehu et al., 2011). Smallholder 
agriculture contributes the lion’s share (about 95%) of agricultural outputs, occupying more 
than 96% of the total agricultural cropland in the country (Alemayehu et al., 2011). 
Agriculture is also the main source of fuel energy for cooking and heating. Wood biomass 
and agricultural residues constitute about 90% of the national household energy consumption 
(Berhanu et al., 2017). The sector is predominantly rain-fed, low input, low output 
subsistence agriculture, so highly sensitive to changes and variability in the climate and other 
environmental problems. Cereal production occupies the major share of agricultural 
production (more than 73%) in the country, of which teff, maize, sorghum and wheat are the 
most important crops grown. Teff constitutes around one-fifth of the total smallholder 
agricultural land, followed by maize (17%), sorghum (12%) and wheat (11%) (Alemayehu 
et al., 2011). Smallholder farmers also grow pulses, oilseeds, vegetables, root crops, fruits 
and cash crops. 
The country has been witnessing an increase in agricultural production. However, it is 
asserted that much of the increase has resulted from land expansion rather than increase in 
productivity (Alemayehu et al., 2011). For instance, World Bank (2017) shows that between 
2000 and 2014, the average annual total cereal production, was 14.3 million MT (ranging 
from 8 million MT in 2000 to 23.6 million MT in 2014) whereas the average harvested area 
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was 8.8 million ha of land (ranging from 7.2 million ha in 2000 to 10.2 million ha in 2014). 
Owing to the low agricultural productivity and production systems, the sector has been 
unable to produce sufficient quantities to feed the country’s rapidly increasing population 
during the last three decades (Kassa & Alemu, 2017). This imbalance, among others, puts 
the country amongst large recipients of emergency food aid and commercial food importer 
(Gelan, 2007; Kassa & Alemu, 2017). Much of the country’s agricultural production is 
concentrated in the highland domains—areas where there exist acute land shortages, rapid 
population growth, and high demand for increased food production (Sonneveld & Keyzer, 
2003). Average land holding size is low and declining over time. On average, the per capita 
land holdings in Ethiopian highlands fell from 0.5 ha in the 1960s to only 0.2 ha by 2008 
(Spielman et al., 2011). Highlands comprise nearly 43% of the country’s total land mass, 
88% of the human population, and 75% of the country’s livestock (Keyzer & Sonneveld, 
2001). As a consequence, overexploitation of the land resources in the highlands over a long 
period has resulted in severe soil degradation. One of the most challenging impacts of which 
is falling or unchanging yields of major food staple crops in the country. For example, while 
the area under grains expanded on average by 3.4% during 2004/05–2008/09 (Bachewe, 
2012), the per hectare grain production remained flat at 1.4 tons—one of the lowest 
worldwide (Alemayehu et al., 2011). 
Being the cornerstone of the Ethiopian economy and the fact that about 30% of the 
population live below the poverty line (World Bank, 2017), agriculture is placed at the center 
of the growth and poverty reduction strategies in the most recent five-year development 
plans. All of the plans and strategies have recognized soil degradation as an important 
detriment to development of the agriculture sector. For instance, the PASDEP (2006–2010) 
aimed to significantly accelerate growth through commercialization of agriculture, 
promotion of the private sector and scaling-up of efforts to foster sustainable development. 
Land and watershed management activities were featured among the most important 
investment areas to boost agriculture production (Schmidt & Tadesse, 2014). Likewise, the 
GTP (GTP I, 2010–2015; GTP II, 2016–2020) maintained its focus on agricultural 
productivity, research and natural resources management. It outlined the importance of 
promoting agroecology based SLM to combat land degradation (Schmidt & Tadesse, 2014). 
Despite the fact that policies and strategies are important in achieving economic 
development, sustained growth in the agriculture sector relies on how land resource is 
managed by small-scale farmers. Efforts are needed to understand the behavior of farm 
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managers towards adoption of various land management practices so as to achieve their 
sustained use across the landscape. 
 
1.2 Problem in focus 
In Ethiopia, land degradation is mainly the outcome of historical development of agriculture 
and human settlement in highland areas: due to its favorable climatic conditions, political 
factor and fertile soil (Hurni, 1993; Sonneveld, 2002). Land degradation particularly through 
soil erosion and soil nutrient depletion have been a major threat to the environment in 
Ethiopia, and to the sustainable development of agriculture, where the majority of rural 
livelihoods is dependent. Many parts of the country—especially the highlands—have been 
witnessing severe soil erosion and nutrient depletion phenomena due to intensive cultivation, 
forest clearing and other natural problems, such as rugged topography and intensive rainfall. 
While assessments of land degradation extent and severity vary significantly across the 
country, depending on the methods and scales under consideration, existing statistics 
provides sufficient testimonies for the severity of the problem. That is, it occurs at varying 
rates and with varying degrees of severity in different locations. Estimates show that half of 
the Ethiopian highlands (about 27 million ha) are significantly eroded, around 25% (about 
14 million ha) are seriously eroded, and 4% have been irreversibly lost so that they could 
not support further cultivation (FAO, 1986; Yesuf et al., 2005). Furthermore, according to 
Haregeweyn et al. (2017) around 39% of the Upper Blue Nile Basin, for instance, is 
estimated to suffer from severe to very severe soil erosion problem. 
As estimates from a national-scale study indicate, annual gross soil loss all over the 
country reaches about 1.5 billion Mg (Hurni, 1993), out of which the Upper Blue Nile Basin 
is estimated to contribute 131 million Mg of fertile soil (Betrie et al., 2011). The rates of soil 
loss estimate in the country ranges between 42 to 300 Mg ha–1 year–1, mainly depending on 
slope gradient, rainfall intensities and land-use types (Gebreselassie et al., 2016). The mean 
annual rate of soil erosion on cultivated land in the country, according to Hurni (1993), is 
estimated at 42 Mg ha–1 year–1, which is equivalent to a soil depth loss of 4 mm year–1. In 
the extreme cases, in highland areas the rates of soil loss reach as high as 200 to 300 Mg ha–
1 year–1 (Hurni, 1993). More specifically, higher rates of soil loss have been observed in the 
north-western highland watersheds such as Angeni (110 Mg ha–1 year–1) (Herweg & Ludi, 
1999), Chemoga (102 Mg ha–1 year–1) (Bewket & Teferi, 2009) and Koga (265 Mg ha–1 year–
1) (Gelagay & Minale, 2016). Accordingly, almost all of the soil loss figures being reported 
6 
 
from the region are far exceeding the often-slow soil formation rate (i.e., 12.5 Mg ha–1 year–
1) (Hagos et al., 2011). Similarly, estimate on soil nutrient depletion from the Ethiopian 
highlands has indicated a rate of 122, 13 and 82 kg ha–1 year–1 of nitrogen, phosphorus and 
potassium, respectively; out of which 70%, 80% and 63% respectively of the nutrient 
outflows are contributed by soil erosion (Haileslassie et al., 2005). 
All the aforementioned estimates suggest that the rate of soil degradation in Ethiopian 
highlands is not acceptable. And much of the soil degradation takes place from cultivated 
lands and its effects are easily reflected in the agricultural sector. As a result, the overall 
economy of Ethiopia is estimated to lose about USD 106 million annually (Bojö & Cassells, 
1995), and the study of Sonneveld (2002) extends this estimate to an annual loss of USD 1 
billion. Furthermore, a more recent estimate of Gebreselassie et al. (2016) puts the annual 
cost of land degradation to about USD 4.3 billion. Annually, because of soil erosion the 
economy loses about 1.5 million MT of grain yield that could have added to the country’s 
food basket (Taddese, 2001). Generally, the loss is reported to represent 2–6.75% of the 
agricultural GDP, and an annual reduction of about 2% in national grain yield (Yesuf et al., 
2005). Under a stationary scenario, Sonneveld & Keyzer (2003) predicted that the 
agricultural production potential of the land would be reduced by 30% due to soil erosion by 
the year 2030. Estimates on the cost of action to rehabilitate lands being degraded between 
2001 and 2009 due to land use and land cover change is found to equal about USD 54 billion 
over three decades, whereas if nothing is done (cost of inaction), the subsequent losses may 
equal almost USD 228 billion (Gebreselassie et al., 2016). The above illustrations partly 
show the extent to which soil erosion is a contributing feature in the country’s declining 
agricultural productivity, persistent food insecurity and rural poverty, and it also suggests 
that improvement can only be possible through the enhancement of the degraded land 
resource base. 
 
1.3 Past efforts to mitigate the problem 
In the highlands of Ethiopia, land degradation has been and remains among the most severe 
problems that constrains agricultural productivity and food security (Hurni, 1993; Bewket, 
2007). Soil erosion and nutrient depletion are the most important forms of land degradation 
in the Ethiopian highlands (Hurni, 1993; Sonneveld & Keyzer, 2003; Haileslassie et al., 
2005; Amsalu & de Graaff, 2007; Hurni et al., 2015). Among others, unsustainable farming 
practices, high human and livestock pressure, deforestation, and lack of appropriate land 
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policy have been pointed out in literature as the main contributory factors to soil erosion in 
Ethiopian highlands (Osman & Sauerborn, 2001; Tamene & Vlek, 2008; Gebreselassie et al., 
2016). 
Despite the alarmingly increasing land degradation in the Ethiopian highlands, the issue 
of soil conservation had been curiously neglected prior to 1974—the year of overwhelming 
famine in northern Ethiopia (Shiferaw & Holden, 1998; Amsalu & de Graaff, 2007; Teshome 
et al., 2016). Recognizing the importance of SWC and afforestation in improving the 
country’s food security situation in general and the productivity of subsistence agriculture in 
particular, the government of Ethiopia, with the support gained from various international 
and bilateral agencies, has been implementing different large-scale projects. For instance, 
the WFP (1973–2002) has been among the first to provide such support (Harrison, 2002; 
Haregeweyn et al., 2015). The early phase of WFP intervention has taken the form of 
emergency food assistance in famine affected areas. In the early 1980s, the support has 
evolved into the ‘food-for-work’ programme—farmers provide their labour in implementing 
various mechanical conservation measures (e.g., stone bunds, soil bunds) in cultivated fields 
and the afforestation of hillsides, and in return they receive grain and edible oil—and 
employment generation schemes (Harrison, 2002; Amsalu & de Graaff, 2007). For example, 
during the period of 1975 to 1989, terraces were built on 1,188,000 ha, and a land of about 
310,000 ha was vegetated (Assefa & Hans-Rudolf, 2016). 
Later on, similar large-scale interventions have been pursued across the country with 
the support of multiple international agencies (e.g., FAO, European community, World Bank, 
GIZ), including the MERET (2003–2015), PSNP (2005–present), community mobilization 
through free-labor days (1998–present), and the SLMP (2008–2018) (Haregeweyn et al., 
2015). However, the majority of physical SWC works have been either partially or entirely 
removed by farmers themselves (Shiferaw & Holden, 1998; Bewket, 2007). Besides, small-
scale farmers’ in the highlands of Ethiopia have been observed resorting between different 
land use systems and implementing various land management practices for long time to 
protect their land from soil erosion, including drainage ditches, waterways, bunds, 
agroforestry, manuring and cut-off drains (Osman & Sauerborn, 2001; Taddese, 2001; 
Monsieurs et al., 2015; Engdayehu et al., 2016). However, in spite of the rapidly growing 
awareness about the beneficial effects of implementing these practices among small-scale 
farmers’, their investment is limited or do not coincide with the extent of the soil erosion 
problem (Teklewold et al., 2013). In addition, it seems that farmers’ needs and SWC wisdom 
have attracted far lesser attention in consecutively introduced land management intervention 
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programmes, which may be serving as a disincentive for wider expansion. As a consequence, 
soil erosion remains a widespread phenomenon across the highlands of Ethiopia in general 
and the Upper Blue Nile Basin in particular, which is the subject of this study. This in turn 
seems to imply that the initiatives had little or low success in stimulating wider adoption and 
sustained use of introduced land management practices among small-scale farmers (Bewket, 
2007; Adimassu et al., 2012), which in turn entails the need to understanding of factors that 
determine farmers’ investments in and sustained use of SLM practices. 
 
1.4 The objectives of the study 
The main objective of this study is to develop an empirical model that links perceptions of 
farm level soil erosion problem with adoption of various land management options among 
small-scale farmers in Ethiopia. The specific objective to be perused under this study 
include: 
z Investigate how farmers perceive the severity of soil erosion and to explore the 
principal determinants of variations. 
z Determine the underlying factors that are posited to affect the adoption of SLM 
technologies. 
z Assess the motivations of farmers to establish agroforestry, the respective 
determinants and the context in which tree planting has expanded. 
z Analyze policy implications and come up with relevant policy implications. 
 
1.5 Concepts and definitions 
Land degradation reduces the capability of land to satisfy a particular use to humans (Blaikie 
& Brookfield, 1987). It covers any process that reduces land productivity, assuming other 
factors such as technology, management and weather remain same (Bojö & Cassells, 1995). 
On the other hand, soil degradation is a specific subsection of land degradation which has 
significant bearing on agricultural production. It is 'a process that describes human-induced 
phenomena which lower the current and/or future capacity of the soil to support human life' 
(Lal, 1988; Oldeman et al., 1991). More broadly, it can also be defined as a loss or a fall in 
soil’s life-support functions or sustainable production, in agricultural sense (Lal et al., 1989). 
Such degradation occurs when the soil resource is overexploited beyond its 
capability/suitability, which is a widespread phenomenon in the developing world (Lal, 
1988). It is generally a complex and long-term process that undermines soil quality, and 
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hence its productivity potential.  
Soil erosion is defined as the washing away of soil by water, and/or the blowing away 
of soil particles by wind and depositing elsewhere. It can occur naturally in the physical 
environment, but human interference significantly accelerate this natural process (Blaikie & 
Brookfield, 1987), which is mainly the case in SSA. Soil erosion involves both on-site and 
off-site effects (Ledermann et al., 2010; Erkossa et al., 2015). The onsite effect of soil 
erosion is related to yield loss, which is often related to nutrient loss with runoff and sediment 
(Erkossa et al., 2015), higher fertilizer application rates, and stone accumulations on the field, 
thus increasing farm production costs; whereas its offsite effects include water pollution, 
sedimentation and siltation of rivers, lakes, dams and waterways and disruption of wildlife 
ecology (Lal, 1998; Ledermann et al., 2010). And SWC stands for any sets of measures that 
are aimed at maintaining or enhancing the production capacity of the soil through preventing 
or reducing of erosion, conserving of soil moisture and maintaining or improving of soil 
fertility. And so, it generally involves the use of various biological (e.g., agroforestry, grass 
strip, cover crop), physical (e.g., fanya juu1, soil bund, stone bund, terrace) and agronomic 
measures (e.g., minimum tillage, mulching, manuring) to offset the effects of soil 
degradation. 
The economic assessments of SWC often poses a substantial analytical challenge, and 
(Erenstein, 1999) differentiates two schools in this regard: (1) the evaluation school is aimed 
to quantify the on-site and off-site economic effects and the present and future values of 
implementing SWC measures. That is, it assesses the trade-offs involved in the decision to 
implement SWC measures, and (2) the adoption school is meant to provide explanation 
behind the divergent behaviors of economic actors towards investing in SWC measures. This 
study follow the latter approach, and adoption is defined as the in-field implementation of—
or investment decision on—a set of SWC technologies by a farm household. The extent of 
farm households’ response to in-field soil erosion, among others, depends on their 
perceptions of the problem. The addition of individual farmer perceptions toward soil 
erosion in a farmer behavior model is believed to add to our empirical understanding of 
farmer behavior. This is believed to establish a link between perceived soil erosion and the 
farmer’s on-farm adoption of SWC measures. Here, perception is explained by individual’s 
attitudinal differences toward the severity and likelihood of the consequences of soil erosion. 
                                                   
1 A bund that consists of constructing embankments along a slope by digging out ditches following 
contour lines and depositing the soil uphill to form a ridge to block soil movements. Originally, it is a 
Swahili word meaning to “throw soil uphill”. 
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1.6 Theoretical framework of adoption 
Researchers have long studied the processes by which farm households adopt new practices 
and innovations. Several paradigms can be distinguished across literature regarding this 
issue. For instance, Adesina & Zinnah (1993) define three main paradigms, namely the 
economic constraint paradigm, the innovation-diffusion-adoption paradigm, and the adopter 
perception paradigm. 
Economic constraints paradigm: Upadhyay et al. (2003) further subdivides the 
economic constraint paradigm into the income paradigm and the utility maximisation 
paradigm. Under the income paradigm, there are some economists who assume that 
individuals strive for profit maximisation. This implies that when an innovation or new 
technology results in higher profits, farm households ‘automatically’ adopt the technology. 
This idea is consistent with the neoclassical economic theory. The main strength of this 
version of the paradigm—profit maximization—lies in considering the role of changes in 
income that motivates or inhibits innovation (Upadhyay et al., 2003). Generally, it assumes 
that resource endowments are asymmetrically distributed and this conditions the observed 
pattern of adoption of technological innovation (Adesina & Zinnah, 1993). The possible 
economic constraints (or incentives) can be:  
z Endowments of natural resource: an increasing scarcity of resources (e.g. fertile land) 
leads to higher shadow prices for the resource, motivating farm households to adopt a 
resource conserving technology (e.g., soil and water conservation). As a result, early 
adopters of the technology are those resource constrained farm households (Foltz, 
2003).  
z Capital scarcity: lack of own capital or no access to credit entails the difficulty that 
farm households have to undertake long term investments, and thus farmers with better 
access to capital will be in the forefront to adopt the technology (Foltz, 2003). 
z Learning costs: technologies will diffuse fastest in areas where the learning costs are 
low. When information about a technology is readily available and can be evaluated 
by potential adopters, being rational profit maximizers, they can act easily upon it 
(Shampine, 1998; Foltz, 2003). 
z Risk attitude: risk aversion behavior delays adoption i.e., farmers do not invest in 
uncertain technologies or technologies that potentially create higher variance in output 
(Feder et al., 1985; Foltz, 2003; Yesuf & Bluffstone, 2009). 
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However, this paradigm fails to recognize heterogeneity among farmers’ preferences, 
and thus unable to justify why some profitable technologies remain not adopted (Upadhyay 
et al., 2003). For instance, small-scale farm households often opt for tolerable profits (also 
called satisfying behavior or preference for self-sufficiency), not for maximum profit. There 
are authors (e.g., Fairweather & Keating, 1994) who argue that though profit maximization 
objective is clear, it fails to recognize the complexity of farm households’ goals. Farm 
households often have objectives other than profit maximization, and thus economic 
objectives are only part of a set of objectives. The various set of objectives, including risk 
spreading, leisure, social reward, social status, social network, consumption, profit, 
environmental protection, etc., can therefore congregate in the term utility. As a result, most 
economic analysis of adoption decision is deeply entrenched in utility considerations (i.e., 
utility maximization) in explaining farm households’ behaviour. Thus, this paradigm states 
that farm households will adopt a new technology if its utility exceeds the utility of the 
traditional technology.  
Innovation-diffusion-adoption paradigm: The diffusion paradigm is based on the 
innovation-diffusion theory of Rogers (1983). In his pioneer work, he defined the adoption 
process as ‘the mental process an individual passes from first hearing about an innovation to 
final adoption’. According to this paradigm, given the appropriateness of the innovation, 
exposure to information about the innovation is the key factor determining adoption 
decisions. As the knowledge is spread over time, the new technology is adopted on a larger 
scale. The diffusion theory made an important contribution to the adoption studies. 
The innovation-diffusion-adoption paradigm conceptualizes adoption as a multi-stage 
decision process. Adoption is seen as a process of collecting information, revising 
opinions/attitudes and reassessing decisions – in other words, a dynamic learning process 
(Feder et al., 1985). Existing literature recognizes that adoption behaviour of farm 
households is complex and requires a blend of the income, utility and diffusion paradigms 
(Upadhyay et al., 2003). Any adoption decision is preceded by an information acquisition 
period which is also called an awareness or learning period (Dimara & Skuras, 2003). As a 
result, knowledge generation and distribution mechanisms (e.g., extension, training) are 
important factors in the adoption process of an innovation as the decision whether to adopt 
or not can be seen as a ‘risky choice’ problem. In such a case, the farm household is unsure 
whether he/she will be better off or not by adopting the innovation (Foltz, 2003; Marra et al., 
2003), i.e., how the new technology or innovation will affect the production and/or profit. 
The likelihood of making a correct decision clearly depends on the decision maker’s 
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knowledge of the relevant parameters. Over time, when actual yields and profit are realised 
with the innovation, more knowledge is gained on the new technology (Feder et al., 1985), 
and the innovation is perceived as less risky (Marra et al., 2003). Thus, the model assumes 
that making people aware of new ideas will lead to attitude formation, which will be 
conducive for acceptance and ultimately adoption. 
Adopter perception paradigm: The adopter perception paradigm states that perceptions 
of the adopting farm households are important in influencing adoption decisions (Adesina 
& Zinnah, 1993). In case of SWC, innovations are often more of environment than profit 
oriented. Attitude and perception play an important role in the decision-making to adopt 
environmental technologies besides economic considerations (Ervin & Ervin, 1982; Norris 
& Batie, 1987; Gould et al., 1989). To fully explain adoption behavior of farm households, 
any model of the adoption process must include attitudes, motivations and perception. 
Before taking any concrete action, farmers often make internal trade-off analysis, weighing 
the personal advantages and disadvantages related to the conservation decision. This analysis 
in turn is determined by human values, which often differ from person to person. For instance, 
farm households that are ‘environmental’ oriented sooner adopt a SWC technology than their 
‘profit’ oriented counterparts. According to Lynne et al. (1988), favorable attitudes towards 
SWC increase the levels of effort or investment. 
Ervin & Ervin (1982) conceptualized the decision-making process towards SWC 
innovations as a three-stage model. The first stage is the recognition that there is an erosion 
problem. Farm households are believed to have a general awareness of existing and potential 
soil degradation problems (Smit & Smithers, 1992). This perception is conditioned by 
personal factors (human capital) as well as bio-physical factors of the land (physical capital) 
and institutional factors (awareness raising). Here the dependent variable is perception, 
measured on a scale. The second stage is the decision to adopt, whether to implement the 
SWC practices or not, measured as the number of interrelated land management practices. 
Besides the factors influencing the perception, also economic considerations start to play a 
role. In the final stage, the SWC effort (a function of the extent of individual practices on the 
farmland) is determined. The aforesaid factors influence conservation effort as well, but in 
a different way than they influence the decision to use a SWC technology (Ervin & Ervin, 
1982). 
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1.7 Conceptual model for the study 
In view of the foregoing discussion and following the work of Ervin & Ervin (1982), this 
study takes SWC adoption behavior as a sequential decision-making process where the 
physical environment, together with social, economic and institutional factors are 
accountable. Firstly, the farm household recognizes the existence of the soil erosion problem, 
secondly, the farm household decides whether or not to apply SWC practices, and finally he 
decides on the level of adoption in terms of its intensity or area under SWC technologies is 
determined. The advantage of dividing the adoption process into these three stages is that it 
gives a chance to dealing with each of them as a separate subsequent stage in the adoption 
process (Mbaga-Semgalawe & Folmer, 2000). As a result, they are analyzed independently 
to examine factors explaining each of them. On the basis of the conceptual models discussed 
above and other relevant literature, a conceptual model graphically illustrated below was 
developed to guide the study (see Figure 2). Thus, it is postulated that household's perception 
of the soil erosion problem, decision to use soil conservation measures and level of 
investment devoted to soil conservation are influenced by household's characteristics, 
economic, physical and institutional factors. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1.8 The structure of the thesis 
The thesis is organized into five chapters. This chapter (Chapter 1) is devoted to providing 
background information regarding soil erosion problem and SWC activities in Ethiopia. This 
is to help readers to understand the extent of the problem and lay the ground to the rest of 
Household characteristics 
zAge 
zGender 
zEducation 
zHousehold size 
Perception of soil 
erosion problem 
Decision to adopt soil 
conservation practices 
Soil and water 
conservation effort 
Institutional factors 
zExtension 
zTraining 
zCredit 
Economic factors 
zOff-farm income 
zLivestock size 
zTotal asset value 
zFarm size 
zTotal agricultural income 
Watershed characteristics 
zRainfall 
zWatershed degradation 
Plot characteristics 
 zPlot position 
zPlot elevation 
zPlot slope 
zSoil fertility 
zSWC on and 
neighbor plots 
zPlot size  
zPlot tenure 
zPlot distance 
zPlot shape 
zSoil depth 
Figure 2: Decision-making process for soil and water conservation practices 
(Adapted from Ervin & Ervin (1982)) 
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the chapters. In addition, it is composed of the objectives and conceptual framework of the 
study. Following the present chapter 1, chapter 2 presents the estimated empirical model for 
examining the factors that condition small-scale farmers’ perceptions of the soil erosion 
problem. Chapter 3 is concerned with the analysis of small-scale farmers’ adoption behavior 
of multiple SLM technologies in north-western Ethiopia. Chapter 4 provides the motivations 
behind successful expansion of agroforestry trees (i.e., Acacia decurrens) on degraded 
cultivated lands in contrast to other land management options. Moreover, it presents an 
estimated empirical model for explaining factors that determine farmers’ investment 
decision in agroforestry practices. The last chapter, Chapter 5, presents the main synthesis 
of the thesis. 
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Chapter 2. Farmers’ perception about soil erosion in Ethiopia 
2.1 Background 
Soils have played significant roles in the earth’s life-support system through the provision 
of a multitude of essential ecosystem services (i.e. provisioning, regulating, cultural, and 
supporting services) to humans and the environment (Keesstra et al., 2016; Schwilch et al., 
2016). Nonetheless, most human interferences for pursuing economic benefits contribute to 
rapid and extensive degradation of soils over the past half a century (Haileslassie et al., 2005; 
Brevik et al., 2015), and consequently jeopardize their ability to provide services to society 
(MEA, 2005). 
Soil degradation is a major threat to development in most economies of the world 
(Erkossa et al., 2015; Taguas et al., 2015; Keesstra et al., 2016). About 15% of land 
worldwide is degraded, of which 16% is in Africa (Lal, 2003; Bai et al., 2008). Soil 
degradation induced by water erosion in SSA is of concern mainly because of its 
consequences for subsistence agriculture, from which about 75% of the population derives 
their livelihoods (Erkossa et al., 2015; Tully et al., 2015). Among the SSA countries, 
Ethiopia has a high level of soil erosion (Mekonnen et al., 2015; Gessesse et al., 2016). 
Continued soil erosion seriously threatens peoples’ livelihoods, especially in drought-prone 
highland parts of the country, where arable land is a very scarce resource. Over the past 
several decades, government and international agencies have been trying to support better 
land use and promote SWC technologies to halt soil erosion and improve peoples’ 
livelihoods (Tesfaye et al., 2014; Haregeweyn et al., 2015; Gessesse et al., 2016). Reports 
(Bewket & Sterk, 2002; Tesfaye et al., 2014), however, have indicated a relatively low level 
of success in this respect across the wider landscape. Soil erosion rates as high as 42 Mg ha–
1 year–1 have been reported on cultivated lands across the country (Bewket & Sterk, 2003; 
Tesfaye et al., 2014; Haregeweyn et al., 2015), and recent estimates by Hurni et al. (2015) 
indicated rates of 20 Mg ha–1 year–1 on currently cultivated lands and 33 Mg ha–1 year–1 on 
formerly cultivated degraded lands. Similarly, soil erosion has been a serious problem in the 
Upper Blue Nile Basin. Gelagay & Minale (2016) stated a soil erosion rate of 47 Mg ha–1 
year–1 in the Koga watershed, and Bewket & Teferi (2009) reported a rate of 93 Mg ha–1 
year–1 in the Chemoga watershed. In one of our study sites, Guder watershed, Kindye (2016) 
measured a soil loss rate of 71.8 Mg ha–1 year–1 on cultivated land. 
The USLE, RUSLE and expert judgement based qualitative response models are the 
most widely used models to predict soil loss and identify erosion hotspots (Tamene & Vlek, 
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2008; Sonneveld et al., 2011). These models make use of qualitative and quantitative data to 
estimate the magnitude and spatial distribution of soil erosion (Sonneveld et al., 2011). In 
data–sparse (i.e. agricultural, geological and hydrological data) regions like Ethiopia, where 
estimations of soil loss are highly driven by empirical models (Bewket & Teferi, 2009; 
Gelagay & Minale, 2016; Haregeweyn et al., 2017), however, their application is worrisome. 
Moreover, these models do not incorporate the observations of farmers who experience the 
phenomenon on a daily basis (Boardman, 2006) either as part of model input parameters 
complementing expert knowledge (e.g. assignments of weight scores, and crop cover, 
management practice and soil erodibility factor values) or means for validating results 
obtained. Furthermore, these approaches do not acknowledge the importance of local 
knowledge in perceiving the extent of the erosion problem. 
A growing body of literature (Tegene, 1992; Shiferaw & Holden, 1998; Bewket & Sterk, 
2002; Tefera & Sterk, 2010; Assefa & Hans-Rudolf, 2016) has demonstrated farmers’ 
considerable knowledge in categorizing their land according to their soil erosion severity. 
Likewise, it is often highlighted that farmers’ environmental behaviors (i.e. land 
management decisions) depend on their own perceptions of conditions in their environment 
(Shiferaw & Holden, 1998; Assefa & Hans-Rudolf, 2016; Keshavarz & Karami, 2016). 
Conversely, SWC intervention plans in the country to date have not considering but often 
rather ignoring such abilities of local farmers’ (Snyder et al., 2014; Assefa & Hans-Rudolf, 
2016), and take them as mere labor contributors as a result (Bewket & Sterk, 2002; Abebe 
& Sewnet, 2014; Haregeweyn et al., 2015). This results in locally undifferentiated SWC 
measures and little acceptance of the same by farmers, possibly explaining the little success 
in the past decades (Tegene, 1992; Snyder et al., 2014; Tesfaye et al., 2014; Assefa & Hans-
Rudolf, 2016). If it can be shown that farmers can perceive soil erosion, for example, there 
can be a good reason to change the top–down dominated strategic and operational SWC 
planning process into a relatively interactive and participatory process. 
The objectives of the paper are: i) to determine whether farmers are apt to perceive soil 
erosion patterns, and ii) to examine which factors influence farmer’s ability to perceive soil 
erosion. Hence, I aimed to investigate factors that influence farmers’ perception of soil 
erosion severity by examining the case of farmers in the Upper Blue Nile Basin, Ethiopia. I 
also compared our findings with theoretical predictions and empirical findings to determine 
whether farmers correctly perceive soil erosion as well as introduce appropriate measures. 
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2.2 Materials and methods 
2.2.1 Study sites 
The study was undertaken in three watersheds (see Figure 3): the Guder and Aba Gerima 
watersheds from the Fagita Lekoma (10°57′ to 11°11′ N, 36°40′ to 37°05′ E) and Bahir Dar 
Zuria (11°25′ to 11°55′ N, 37°04′ to 37°39′ E) districts, respectively, of Amhara Region, and 
the Dibatie watershed from the Dibatie district (10°01′ to 10°53′ N, 36°04′ to 36°26′ E) of 
the Benishangul Gumuz Region. These watersheds are part of the north-western highlands 
of the Upper Blue Nile Basin, Ethiopia. The watersheds are selected purposively because of 
their specific SWC experience, states of soil erosion, their ability to capture bio-physical and 
socio-economic heterogeneity, and represent higher, medium and lower elevation 
watersheds within the highlands of the basin. They thus provide a most suitable environment 
for the empirical study, as maximum potential factors affecting and determining farmers’ 
soil erosion perception can be found. 
 
 
Figure 3: Location of the study sites 
 
Beside the traditional SWC technologies (e.g., traditional stone bund, drainage ditch, 
agroforestry, etc.) practiced by farmers, various improved SWC technologies (e.g., soil bund, 
fanya juu, stone-faced soil bund, trench, etc.) are implemented. Each area has participated 
in the national government’s regular extension programs and other public-based SWC 
interventions, but the areas’ experiences with other externally funded programs has varied a 
great deal. The Aba Gerima watershed is part of the SDC funded WLRC project since 2011. 
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The Guder watershed has received support from the World Bank under the SLMP since 2008. 
The Dibatie watershed is not under any external support for SWC projects. Although it may 
need further study, I hypothesize that there is a better perception of soil erosion severity in 
sites where these projects are active. Agriculture in the watersheds is dominated by 
subsistence mixed crop–livestock farming systems (Table 1). 
 
Table 1: Bio-physical characteristics of the study sites 
Feature (unit) Aba Gerima 
watershed 
Guder  
watershed 
Dibatie  
watershed 
Location 11° 39′ 59″N 
37° 29′ 24.4″E 
11° 00′ 31.66″N 
36° 55′ 56.68″E 
10° 46′ 12.28″N 
36° 16′ 38.98″E 
Altitude (m a.s.l.) 1922–2250 1800–2900 1479–1709 
Temperature (°C) 13–27 9.4–25 25–32 
Annual rainfall (mm) 895–2037 1951–3424 850–1200 
Rainfall pattern Unimodal Unimodal Unimodal 
Agro-ecological zone Humid subtropical Moist subtropical Tropical hot humid 
Total area (ha) 719 742.5 700 
Soil type Nitosols, Leptosols Acrisols, Nitosols Vertisols, Nitosols 
Dominant crop Teff, finger millet, 
wheat, maize, khat 
Barley, teff, wheat, 
potatoes 
Finger millet, teff, 
maize, ground nut 
Dominant livestock Cattle, sheep, goats 
and donkeys 
Cattle, sheep, 
donkeys and horses 
Cattle, sheep, goats 
and donkeys 
Major land use types 
(ha) 
Cultivated land 
(399.7), degraded 
bushland (123.5), 
grazing land (97.6), 
degraded land (5.5) 
Cultivated land 
(297), degraded 
bushland (119), 
forest (72), grazing 
land (99), 
plantation (155) 
Cultivated land 
(343), degraded 
bushland (117), 
degraded land 
(40.4), grazing land 
(136.8) 
Soil erosion severitya Moderate Very severe  Slight 
SWC-related projects WLRC SLMP None 
SWC activities High Medium Low 
Sources: Achamyeleh, 2015; Kindye, 2016; Nigussie et al., 2016; Own surveys. 
Note: Teff (Eragrostis tef); finger millet (Eleusine coracana); wheat (Triticum aestivum); maize (Zea mays); ground nut 
(Arachis hypogaea). Plantation includes eucalyptus and Acacia decurrens. 
aSlight = 5–15 Mg ha–1 year–1; Moderate = 15–30 Mg ha–1 year–1; Very severe = >50 Mg ha–1 year–1 (Haregeweyn et al., 
2017). 
 
2.2.2 Data type, sampling and analysis 
The data used in this study came from detailed household and plot surveys of 300 farm 
households and 1010 plots operated by the respondents in three watersheds of the Upper 
Blue Nile Basin. The survey was conducted in February and March 2015. A two-stage cluster 
sampling procedure, involving a combination of purposeful and random sampling, was used 
to select sample respondents. In the first stage, I purposely selected three watersheds based 
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on the characteristics described in the section on the study sites above. In the second stage, 
100 households were selected from each watershed, for a total of 300. Respondents were 
selected using systematic random sampling techniques on lists of households obtained from 
the respective local agricultural offices. 
The household survey was conducted using semi-structured questionnaires and covered 
detailed information at the household, plot and watershed levels. A pre-survey test was also 
conducted in each watershed to customize instruments to local conditions. The plot survey 
covered specific plot-level information (i.e. plot elevation and slope) using a checklist. Plot 
elevation was measured by using GPS (GPSMAP 62st, Garmin) and slope was measured 
with a clinometer (PM-5/360 PC Clinometer, Suunto). Rainfall data was obtained from 
weather stations. To match with the period that farmers were asked to consider in their 
judgment of soil erosion severity, I took ten years monthly rainfall data. The data were input 
into SPSS statistical software (ver. 23.0, IBM, Armonk, NY, USA) and analyzed with a 
combination of descriptive and econometric methods. 
 
2.3 Empirical model 
The determinants of farmers’ perceptions of plot-level soil erosion severity can be analyzed 
using qualitative response statistical models. In a case where a dependent variable takes 
graduated discrete-ordinal values, for example, when respondents are asked to rate their plot-
level severity of soil erosion on a scale that takes several different values. In this type of case, 
I can assume that the probability of a farmer perceiving a specified level of soil erosion 
severity is the probability that the perception function falls in a range around the respective 
value, given that random disturbances in the perception function follow a logistic probability 
distribution. 
In our case, farmers were asked to respond to two questions: i) whether they identified 
soil erosion as a problem on each of their plots since the last 10 years for owned plots, or 
since the time that they have started farming for rented in ones, and ii) the extent of the 
problem (severity level). They evaluated them on a limited scale: “very low”, “low”, 
“medium”, “high” or “very high”. Often, these types of evaluations are converted into a 
numeric score, in this case, from 1 (very low) to 5 (very high). For convenience, many 
researchers treat these scores as continuous variables, calculate the mean score and compare 
those means using standard statistical tools. Unfortunately, this type of analysis is based on 
assumptions that are hard to justify. One such assumption is that the numeric distance 
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between scores has a specific meaning, for example, that two scores of 3 (medium) would 
have the same value as a score of 2 (low) and a score of 4 (high), even though this cannot 
necessarily be presumed from what the farmers actually said. Farmers’ evaluations fell into 
different categories, which are clearly ordered but are not measured on an interval scale. 
Therefore, these scores should be treated and analyzed as ordered categorical responses, 
leading to the use of ordered-response models. In such models, it is assumed that scores 
represent ordered segments. In our case, respondents scored a level of soil erosion severity 
in a given plot in a particular ordered category, driven by a latent, unobserved variable ݕכ, 
which represents the farmer’s ordering of the plot-level severity of soil erosion. Instead of 
this latent variable ݕכ, I observed y, a variable that falls into one of j ordered categories, in 
our case from 1 (very low) to 5 (very high). 
Given that the outcome categories of the dependent variable appear to be ordered in 
terms of perceived soil erosion severity, a typical approach would be to use the standard 
OLM (Weisburd & Britt, 2014). The results from this type model are only valid, however, if 
the proportional odds assumption (i.e. parameter estimates are constant across the severity 
scores) is met (Williams, 2006; Weisburd & Britt, 2014). Therefore, after I fitted the standard 
OLM, I also conducted a formal test (the Brant test) on that assumption to reveal whether it 
had been violated by any subset of variables. If the assumption was found to be violated, a 
generalized OLM was used to express the probability of perceived soil erosion severity j by 
a farmer for a given plot such that: 
 
ሺݕ௜ ൐ ݆ሻ ൌ
ሺߙ௝ െ ܺ௜ᇱߚ௝ሻ
ͳ ൅ ሺߙ௝ െ ܺ௜ᇱߚ௝ሻ ǡ ݆ ൌ ͳǡ ʹǡ ͵ǡ Ͷ 
 
where ܺ௜ is a (m × 1) vector containing the values of perceived soil erosion severity i on 
the full set of m explanatory variables, ߚ௝ is a (m × 1) vector of regression coefficients, and 
ߙ௝ represents the cut-off point for the jth cumulative logit. 
However, this model relaxes the proportional odds assumption for all independent 
variables, which is not always correct. Because this assumption may be violated by only a 
few variables, however, a PPOM can be employed, in which one or more ߚs differ across 
equations and others can be the same for all equations. A gamma parameterization of the 
PPOM with logit function can be specified as: 
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ሺݕ௜ ൐ ݆ሻ ൌ
ሾߙ௝ െ ሺܺ௜ᇱߚ௝ ൅ ௜ܶᇱߛ௝ሻሿ
ͳ ൅ ൣ൫ߙ௝ െ ሺܺ௜ᇱߚ௝ ൅ ௜ܶᇱߛ௝൯൧
 
 
where ܶᇱ is a (n × 1) vector (n ≤ m) containing the values of perceived soil erosion severity 
i on the subset of the m predictor variables for which the proportional odds assumption was 
not fulfilled. ߛ௝ is a (n × 1) vector of regression coefficients associated with the n covariate 
in ܶᇱ, so that ܶᇱߛ௝ is the increment associated with the jth cumulative logit. In the model, 
each explanatory variable has one ߚ coefficient, and ݇ െ ʹߛ coefficients, where k is the 
number of alternatives (in our case, k = 5). There are ݇ െ ͳߙ coefficients reflecting cut-off 
points. The overall contribution of these variables on different perceived categories of soil 
erosion severity can be computed by adding the gamma coefficients of the respective 
equation and the beta coefficients. 
In this study, parameters of the OLM and PPOM were estimated by the maximum 
likelihood procedure in Stata software (ver. 14.1, StataCorp, College Station, TX, USA). 
The PPOM was fitted with a user-written Stata routine gologit2 gamma parametrization 
alternative (Williams, 2006). Interpreting the coefficients of intermediate categories requires 
caution because the direction of the effect is not always determined by the sign of the 
estimate (Weisburd & Britt, 2014). Marginal effects (measures of the impacts of the variables 
on the probability of each soil erosion severity level) were considered in the interpretation 
of the variables. For continuous variables, the partial derivative was calculated numerically; 
for dummy variables, the difference was computed. 
 
Variables considered 
Based on economic theory and previous empirical research of soil erosion (Gould et al., 
1989; Tegene, 1992; Shiferaw & Holden, 1998; Tefera & Sterk, 2010; Tesfaye et al., 2014; 
Haregeweyn et al., 2015; Teshome et al., 2016), explanatory variables included socio-
economic, demographic and institutional variables (age, gender, level of education, 
extension contact, number of livestock owned and number of days participating in public 
SWC works); plot-specific variables (plot size, plot tenure, plot distance to residence, plot 
shape, plot soil depth, plot position in the watershed, presence of SWC technology in 
neighboring plots, whether plot received public SWC improvements, and plot elevation and 
slope); and village-level factors (June rainfall, July rainfall and perception of watershed-
level soil erosion). Definitions of the selected variables, hypotheses of the direction of their 
influence and their descriptive statistical measures are presented in Table 2. 
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2.4 Results 
Plots in our sample were small, with an average size of 0.41 ha (Table 2). Household heads 
had an average of 1.26 years of schooling, and the average age was 47.6 years. About 86% 
of households were male-headed, with about 3.24 available adult equivalent laborers and 
5.11 tropical livestock units. Most of the plots were owner operated, and on many plots and 
neighboring plots SWC technologies (traditional and improved) had been installed. 
Household members participated in public SWC works an average of 13 days per year, and 
more than half of the respondents perceived that the watersheds had been degraded through 
water erosion. 
 
Table 2: Summary statistics and description of the variables used in the analysis 
Variable (unit of measurement) H0 sign Mean   SD 
Age of the household head (Years) + 47.64 11.58 
Gender of the household head (1 = male, 0 = female) + 0.86 0.34 
Education level of the household head (years) + 1.26 2.17 
Frequency of extension contacts per annum (no. of contacts) + 2.94 2.72 
Household size (adult equivalent) + 3.24 1.37 
No. days household participated in public SWC (days) + 13.43 9.13 
Livestock size owned by the household (TLU) + 5.11 2.73 
Plot size (ha) + 0.41 0.49 
Plot ownership/tenure (1 = own, 0 = rent) – 0.83 0.38 
Plot distance to residence (minutes of walking) + 24.74 13.44 
Plot is convex shaped (1 = yes, 0 = no) + 0.30 0.46 
Farmer reports plot has shallow soil depth (1 = yes, 0 = no) + 0.36 0.48 
Position of plot in watershed, upper part (1 = yes, 0 = no) + 0.32 0.47 
Position of the plot in watershed, lower part (1 = yes, 0 = no) – 0.30 0.46 
Neighboring plots have SWC measures (1 = yes, 0 = no) – 0.44 0.50 
Plot received public SWC improvements (1 = yes, 0 = no) – 0.34 0.47 
Plot elevation (m a.s.l.) + 2059.72 431.36 
Plot slope (%) + 11.16 7.77 
June rainfall, average (mm) + 210.58 30.54 
July rainfall, average (mm) – 348.29 47.64 
Watershed perceived as being degraded (1 = yes, 0 = no) + 0.51 0.50 
Note: H0 sign shows the a priori hypothesized direction of influence. 
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Farmers’ perceptions of soil erosion severity 
Farmers had varied perceptions regarding the extent of soil erosion on their plots ( 
Table 3). The differences in the percentages of farmers’ judged plot-level soil erosion 
severity were significantly different among the three study sites (p < 0.01). In particular, a 
significant difference (p < 0.01) was observed among those plots perceived with “medium” 
to “high” soil erosion severity levels. 
 
Table 3: Farmers’ plot-level perceptions of soil erosion severity 
Perceived 
soil erosion 
Watershed  
Total 
 
Sig. (F2) Aba Gerima Guder Dibatie 
Very low 60 (12.74) 44 (11.99) 21 (12.21) 155 (15.35) 0.1 
Low 133 (28.24) 86 (23.43) 35 (20.35) 305 (30.2) 3.8 
Medium 155 (32.91) 92 (25.07) 79 (45.93) 336 (33.27) 15.9*** 
High 104 (22.08) 122 (33.24) 24 (13.95) 179 (17.72) 20.1*** 
Very high 19 (4.03) 23 (6.27) 13 (7.56) 35 (3.47) 3.6 
Note: Figures are counts. Values in parentheses are percentages of the column total. 
***p < 0.01. 
 
Model results 
Although I present parameter estimates of both the OLM and PPOM in Table 4 for 
comparison, our discussion is limited to the PPOM output. This model had one beta 
coefficient for each variable, three gamma coefficients for variables violating the 
proportional odds assumption, and four alpha coefficients reflecting the cut-off points. 
Because there are five perceived soil erosion severity levels, I have four equations. 
Altogether, the model estimated 21 coefficients: 21 in the first equation (beta) and five each 
in the remaining three equations. The coefficients that are omitted in the last three equations 
(i.e. gamma_2, gamma_3 and gamma_4) are identical to those in the first equation. 
  
25 
 
Table 4: Model estimation results for perceived soil erosion severity 
 
Variables 
Model 1: OLM Model 2: PPOM 
Coef. SE Coef. SE 
Beta     
Age of the household head –0.0062 0.0058 –0.0073 0.0059 
Gender of the household head 0.1975 0.1837 0.1868 0.1858 
Education level of the household head –0.2787*** 0.0906 –0.31292*** 0.0944 
Frequency of extension contacts per annum 0.0872*** 0.0244 0.0987*** 0.0254 
Household size, adult equivalent 0.0824* 0.0490 0.0695 0.0501 
No. days household participated in public SWC –0.0159 0.0086 –0.0056 0.0128 
Livestock size owned by household –0.0442* 0.0235 –0.0449* 0.0239 
Plot size 0.1825* 0.0932 0.1799* 0.0948 
Plot ownership/tenure –0.0649 0.1838 –0.0665 0.1889 
Plot distance to residence 0.3361*** 0.1181 0.3795*** 0.1215 
Plot is convex shaped 1.8473*** 0.1504 1.8368*** 0.1532 
Farmer reports plot has shallow soil depth 0.1594 0.1335 –0.7418*** 0.1983 
Position of plot, upper watershed  0.8398*** 0.1489 0.8799*** 0.1532 
Position of plot, lower watershed –0.4653*** 0.1469 –0.4915*** 0.1523 
Neighboring plots have SWC measures 0.1279 0.1937 0.1127 0.2025 
Plot received public SWC improvements –0.0019 0.2125 0.0176 0.2215 
Plot elevation 0.0016*** 0.0004 0.0015*** 0.0004 
Plot slope 0.0039 0.0083 –0.0218** 0.0110 
June rainfall  0.0801*** 0.0236 0.0274 0.0268 
July rainfall –0.0570*** 0.0159 –0.0244 0.0177 
Watershed perceived as being degraded  –0.1307 0.1175 –0.1557 0.1203 
Gamma_2    
No. days household participated in public SWC  — 0.0062 0.0116 
Farmer reports plot has shallow soil depth — 0.8707*** 0.1860 
Plot slope  — 0.0319*** 0.0107 
June rainfall  — 0.0385** 0.0164 
July rainfall  — –0.0261** 0.0103 
Gamma_3    
No. days household participated in public SWC  — –0.0396*** 0.0149 
Farmer reports plot has shallow soil depth — 1.6356*** 0.2399 
Plot slope  — 0.0459*** 0.0145 
June rainfall  — 0.0701*** 0.0209 
July rainfall  — –0.0397*** 0.0133 
Gamma_4    
No. days household participated in public SWC  — –0.0502** 0.0255 
Farmer reports plot has shallow soil depth — 1.4642*** 0.4071 
Plot slope  — 0.0565** 0.0219 
June rainfall  — 0.2430*** 0.0518 
July rainfall  — –0.1561*** 0.0329 
Alpha    
Constant 1  –0.1796 0.8665 0.5200 1.0727 
Constant 2  1.6335 0.8663 –1.0581 0.9308 
Constant 3  3.5986 0.8741 –4.8715 0.9972 
Constant 4  5.9870 0.8990 –3.5115 1.3229 
Number of observations 1010 1010 
Log likelihood –1282.00 –1220.47 
AIC 2614.00 2520.94 
LR(df) 341.9(21) 464.9(36) 
Note: — indicates data not applicable. *p < 0.1. **p < 0.05. ***p < 0.01. 
 
The first equation is similar to a binary logistic regression model where the dependent 
variable is recoded as “very low” severity versus the other categories. The second equation 
is similar to the first one, but the dependent variable is recoded as “very low” severity + 
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“low” severity versus the others. For the third equation, the dependent variable is recoded as 
“very low” + “low” + “medium” severity versus “high” + “very high” severity. For the fourth 
equation, the dependent variable is recoded as the lowest four levels versus “very high” 
severity. The estimations for the PPOM with logit function are presented in Table 4, and the 
marginal effects are shown in Table 5. 
The proportional odds assumption for each variable included in the model was tested 
using a series of Wald tests to see whether the variable’s coefficients differed across 
equations. Number of days that a household participated in public SWC activities (p < 0.001), 
farmer’s perception of a shallow soil depth (p < 0.001), plot slope (p < 0.01), June rainfall 
(p < 0.001) and July rainfall (p < 0.001) were found to be violating the proportional odds 
assumption. The gamma_2 and beta coefficients for the shallow soil depth variable were 
(0.8707) and (–0.7418), respectively. I added these two values to obtain the coefficient of 
this same variable in the second equation (0.1289). Likewise, I added the gamma_3 and 
gamma_4 coefficients with their corresponding beta coefficients to obtain the effect of this 
same variable in the third and fourth equations, respectively. Similarly, the effect of the other 
variables that did not satisfy the proportional odds assumption in various perceived soil 
erosion severity categories was different. Their respective parameter estimates in the second, 
third and fourth equations were computed in a similar manner as was used for the shallow 
soil depth variable. 
 
Household characteristics 
Household characteristics (demographic, institutional and economic) such as education level 
of the household head, number of extension contacts, number of livestock units and number 
of days of participation in public SWC were identified as significant factors that affect the 
likelihood of a farmer perceiving a certain level of soil erosion severity (Table 4 and Table 
5). Farmers with more education were less likely to perceive severe soil erosion in their plots 
as compared with less educated farmers (coef. = –0.31292, p < 0.01), with other factors held 
constant. Similarly, farmers with more livestock were less likely to perceive soil erosion as 
severe as compared to those with fewer livestock units (coef. = –0.0449, p < 0.1). The effect 
of increased frequency of contact with extension agents was as initially expected. Farmers 
with more frequent contact with extension agents were more likely to perceive severe soil 
erosion in their plots as compared with those who had fewer extension contacts (coef. = 
0.0987, p < 0.01). However, greater participation in public SWC initiatives was not found to 
enhance the probability of farmers perceiving “high” and “very high” levels of soil erosion. 
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Plot characteristics 
Of the 11 plot-level factors included in the model, eight were found to significantly affect 
farmers’ perceptions (Tables 4 and 5). Greater plot size (coef. = 0.1799, p < 0.1) and distance 
from the residence (coef. = 0.3795, p < 0.01) raised the likelihood of farmers perceiving a 
higher level of soil erosion severity, as did having a convex shape (coef. = 1.8368, p < 0.01), 
being in the uplands (coef. = 0.8799, p < 0.01) and higher elevation (coef. = 0.0015, p < 
0.01). Conversely, farmers in lowland areas (coef. = –0.4915, p < 0.01) were more likely to 
perceive a lower level of soil erosion severity. The probabilities of perceiving “high” and 
“very high” soil erosion severity levels were higher for farmers who possessed plots with 
shallow soil depth, holding other factors constant. The results obtained on plot slope were 
mixed. Farmers who owned steeply sloped plots were more likely to perceive the two 
extreme erosion severity levels (i.e. very low and very high). 
 
Watershed characteristics 
June and July rainfall distributions were found to have a significant effect on farmers’ 
perceived level of soil erosion severity (Tables 4 and 5). June rainfall amount was more 
likely to form a “very high” perceived soil erosion level (marginal effect = 0.0083, p < 0.01) 
on farmers, whereas July rainfall amount was less likely to have that perception (marginal 
effect = –0.0056, p < 0.01). However, the opposite held true for plots that were perceived to 
have a “low” level of soil erosion severity. 
 
2.5 Discussion 
This study assessed potential predictors associated with farmers’ plot-level perception of soil 
erosion severity by using PPOM. Of these factors, level of education of the household head, 
frequency of contact with an extension agent, number of days that household members 
participated in public SWC works, number of livestock owned by the household, plot size, 
distance to residence, plot shape, reported soil depth, position in the watershed (i.e. upstream 
or downstream), elevation and slope, and June and July rainfall distributions were found to 
be significant. This section provides a discussion regarding the effect of these factors. 
However, given our findings, I must be cognizant of a risk that by having many confounding 
factors, e.g. watersheds with high, middle and lowland location as well as diverging previous 
exposure to SWC projects, causality of observed significant effects may remain speculative. 
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Yet still, significance shows that there is a number of possible factors affecting farmers’ soil 
erosion perception. 
Formal education is generally believed to be important to complement indigenous 
knowledge and to enhance the ability of farmers to process new information. However, our 
findings demonstrated that the level of education attained by household heads was less likely 
to help farmers in perceiving the risk of soil erosion severity in their plots, which is not in 
agreement with the findings of previous studies (Ervin & Ervin, 1982; Asrat et al., 2004). A 
possible explanation is that the curriculum in the existing formal primary education system 
in this area does not adequately emphasize environmental issues and instead focuses on basic 
literacy and numeracy skills (Dalelo, 2011); educated farmers have implemented better SWC 
measures (Asrat et al., 2004), as a consequence experience lower erosion risk; or it may be 
rooted in the generally low level of school enrollment in the study area. This explanation is 
in accordance with that of Bekalo & Bangay (2002), who argued that the formal education 
sector is not well suited to deliver a meaningful program that identifies the symptoms of soil 
erosion and proposes alternatives towards more SLM practices. Similarly, greater household 
participation in public SWC initiatives was not found to enhance the probability that farmers 
would perceive higher levels of soil erosion. A possible explanation for this may be that the 
top-down nature of government-led initiatives often overlook local conditions and 
community views (Snyder et al., 2014). 
Livestock pressure has been blamed as a major contributing factor to severe soil erosion 
in the highlands of Ethiopia. Several studies (Mwendera & Saleem, 1997; Taddese et al., 
2002; Alemayehu et al., 2013) have reported that vegetation cover decreases and soil 
compaction increases with increasing grazing pressure, which leads to lower infiltration rates, 
increased runoff and soil loss. In contrast, our results showed that, with other factors held 
constant, farmers with a greater number of livestock were associated with lower perceived 
levels of soil erosion. The farmers’ reported perceptions could stem from their fear of the 
current government’s approach of banning free grazing to reduce damage on installed SWC 
technologies by livestock. Alternatively, it may be a result of the farmers’ belief that 
livestock contribute to land fertility improvement rather than degrade the environment 
(Bewket & Sterk, 2002; Kassie et al., 2009); or wealthy farmers with more livestock may 
have applied more SWC measures (Kassie et al., 2009; Abebe & Sewnet, 2014) and face 
lower erosion risk as a result. Furthermore, Tesfaye et al. (2014) asserted that farmers with 
more livestock are less likely to introduce improved SWC technologies on their croplands 
because the technologies compete for land that could otherwise be used for food or feed 
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production. These factors may suggest the importance of bundling enhanced community 
awareness activities (Tesfaye et al., 2014) with the introduction of better performing 
multipurpose livestock breeds (Benin et al., 2003), which in the medium to long term may 
help to reduce both herd size and pressure on land resources. 
The number of contacts that farmers had with agricultural extension agents was found 
to positively and significantly (p < 0.01) affect farmers’ perception of soil erosion severity. 
This is likely true because greater contact with extension agents enables farmers access to 
knowledge-intensive information related to land and SLM options (Kassie et al., 2009; 
Matouš et al., 2013), which gives them the opportunity to mix indigenous knowledge with 
modern technology and methods. Furthermore, Tesfaye et al. (2014) reported that farmers 
with more contacts with extension agents are also more likely to maintain SWC structures 
because it allows them to access technical support and information about SLM technologies. 
Slope was found to have a positive significant effect (p < 0.1) on the “very high” severity 
level, implying that farmers with plots in steeply sloped areas are more likely to perceive the 
impact of plot gradient on severity of soil erosion. This finding is in agreement with that of 
Teshome et al. (2016), who found a positive relationship between slope and soil erosion 
severity. The shape of the plot in terms of slope was also significant. I found that convex 
(hill-shaped) plots were perceived to lose more soil, presumably because the symptoms of 
erosion are more prevalent in these types of plots. 
Plot size and soil depth were also important factors. The larger the field the higher is the 
likelihood of witnessing rills, surface runoff, sediment deposition and redeposition by 
farmers (Bewket & Sterk, 2003). Larger parcel size may create a positive incentive for small-
scale farmers to invest in SWC technologies (Tesfaye et al., 2014; Teshome et al., 2016). 
This is presumably true in subsistence agriculture because farmers assume that SWC 
technologies compete for space on small plots, which reduces productivity in the short run, 
thereby increasing farmers’ reluctance to apply countermeasures (Tesfaye et al., 2014). 
Farmers were very likely to perceive severe soil erosion in plots with shallow soil depth. 
Although farmers may need a relatively long time to witness a significant decline in soil 
depth due to erosion, they are generally more aware of a decline in rooting depth in eroded 
farmlands and of exposed subsoil materials (Tegene, 1992). If farmers observe these 
conditions, especially in shallow soils as in our study, it may partly influence their decisions 
to apply SWC technologies. However, Kassie et al. (2009) reported that farmers preferred 
to treat such plots with fertilizer rather than use SWC technologies. 
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Distant plots were perceived to be more prone to soil erosion, probably because the 
farther the plot is from the farmer’s residence, the less attention it receives and the likelihood 
of severe soil erosion increases. This explanation is consistent with the results of Teshome 
et al. (2016) and Tefera & Sterk (2010), who found that more distant plots received less care 
as compared to nearby plots. Moreover, Mwendera & Saleem (1997) reported that plots 
receiving less care were very likely to become eroded due to soil nutrient depletion, 
particularly organic matter content, and increased soil loss through water erosion. 
Differences in elevation within and between watersheds affected farmers’ perceptions 
of soil erosion severity. Farmers in the Aba Gerima and Guder watersheds perceived higher 
levels of soil erosion than farmers in the Dibatie watershed. Plot elevation, which was closely 
associated with within and between watershed differences, had a significant positive effect 
(p < 0.01) on farmers’ perceived level of soil erosion severity. Tamene & Vlek (2008) found 
that, in higher elevations with rugged topographies, higher rates of runoff and greater rainfall 
energy contribute to detaching and transporting soil particles. 
I found that the upstream areas were more likely to be perceived to be affected by soil 
erosion, whereas the downstream farmlands were less likely to be perceived in that manner. 
These results conform with those of Bewket & Sterk (2003) and Tefera & Sterk (2010), who 
reported that the perceived severity of soil erosion was site specific, that is, relatively higher 
in upstream areas and lower in downstream fields. 
Farmers’ perceptions of soil erosion also showed intra-seasonal variation; they 
perceived high levels of soil erosion in June and relatively lower ones in July. This result is 
consistent with that of Bewket & Sterk (2003), who found that high levels of soil erosion 
occur in June. A plausible explanation for this is that seedbed preparation is accompanied 
with frequent tillage in the highland and midland watersheds, as many as 10 tillings for teff, 
which loosens the soil and increases its vulnerability to soil erosion in June. The lower level 
of perceived soil erosion in July corresponds a period of increased crop cover. 
 
2.6 Conclusions 
I found that farmers’ perception of soil erosion severity corresponded well with expectations 
of soil erosion due to site-specific factors, such as plot shape, soil depth, plot position on 
hills and exposure to rainfall during the cropping season. Given this correspondence with 
both theoretical predictions and empirical findings from previous scientific studies, I 
conclude that farmers’ expertise is apt to assess soil erosion situations, which suggests the 
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importance of using participatory approaches when working to reduce soil erosion. 
Moreover, interaction with extension service agents increased the likelihood that farmers 
would perceive soil erosion problems. Despite their expected importance, level of education 
and number of livestock owned were not found to be significant indicators in farmers’ 
perceptions of severe soil erosion. This situation could be addressed by introducing 
environmental issues in the earlier years of the school curriculum as well as by SLM oriented 
adult education. A better understanding of the relationship between soil erosion and livestock 
may require detailed community-level discussions and a closer assessment of the potential 
linkages between livestock wealth and land conditions. 
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 Chapter 3. Factors influencing small-scale farmers’ adoption of 
sustainable land management technologies in north-western Ethiopia 
3.1 Background 
Land degradation in the form of soil erosion and nutrient depletion is increasingly prevalent 
across the globe; in particular, it poses a real threat to livelihoods in SSA (Tully et al., 2015). 
More than half of the SSA population depends on subsistence agriculture, which is 
jeopardized by extreme weather events such as heavy rainfall and drought (Cordingley et al., 
2015). In addition, rapid population growth has also resulted in shrinking and increasingly 
fragmented cultivated lands as well as expansion of cultivated lands to vulnerable hillsides, 
which has further contributed to a high level of land degradation, low productivity, and 
greater poverty (Teklewold et al., 2013). Despite the government’s and non-governmental 
organizations’ efforts to increase agricultural productivity and tackle these problems through 
the promotion of various measures, adoption remains [s]low by small-scale farmers 
(Cordingley et al., 2015). 
Ethiopia is no exception to these realities. Its agricultural sector has failed to make 
significant soil erosion control and nutrient replenishment investments (Adimassu et al., 
2012; Teklewold et al., 2013; Teshome et al., 2016). As a result, soil loss and nutrient 
depletion continue to be a severe issue in this country, particularly in the highlands, with soil 
loss averaging 20 Mg ha–1 year–1 on currently cultivated lands and 33 Mg ha–1 year–1 on 
formerly cultivated degraded lands (Hurni et al., 2015), and nutrient depletion averaging 122 
kg N ha–1 year–1, 13 kg P ha–1 year–1, and 82 kg K ha–1 year–1 in cultivated lands (Haileslassie 
et al., 2005). Likewise, soil erosion has been a serious problem in the Upper Blue Nile Basin. 
Bewket & Teferi (2009) reported a soil erosion rate of 93 Mg ha–1 year–1 in the Chemoga 
watershed and Gelagay & Minale (2016) reported a rate of 47 Mg ha–1 year–1 in the Koga 
watershed. The estimated annual cost of land degradation amounts to 2.0–6.8% of the 
country’s agricultural GDP (Yesuf et al., 2005), which contributes to food insecurity and 
further aggravates the effects of the recurrent droughts (Adgo et al., 2013; SLMP, 2013). 
SLM investments are considered to be mandatory to address these problems and have been 
promoted and implemented across different parts of the country (MoARD, 2010; Adgo et 
al., 2013; SLMP, 2013; Teshome et al., 2016). 
Evidence suggests that adoption of SLM practices by small-scale farmers varies with 
respect to a range of social, economic, institutional, and biophysical factors (Mamo & Ayele, 
2003; Asrat et al., 2004; Adimassu et al., 2012; Teklewold et al., 2013; Haregeweyn et al., 
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2015; Teshome et al., 2016). More specifically, Teshome et al. (2016) and Mbaga-
Semgalawe & Folmer (2000) found that a high perceived erosion risk promotes farmers’ 
adoption of SLM technologies; and Cary & Wilkinson (1997) and Amsalu & de Graaff 
(2007) reported that perceptions of reduced profitability from using SLM technologies deter 
their adoption. Moreover, different demand- and supply-side restraints have been identified 
that affect the adoption of SLM technologies, including endowments of physical and human 
capital (Gebremedhin & Swinton, 2003; Marenya & Barrett, 2007; Teklewold et al., 2013; 
Teshome et al., 2016); tenure insecurity (Gebremedhin & Swinton, 2003); and access to off-
farm opportunities (Holden et al., 2004), agricultural extension services (Paudel & Thapa, 
2004), and credit (Tiwari et al., 2008). Most of the studies (e.g., Mamo & Ayele, 2003; 
Amsalu & de Graaff, 2007; Pender & Gebremedhin, 2008), however, did not adequately 
consider the possibility of farmers applying a mix of SLM technologies to solve the problem 
of soil degradation. That is, they did not account for the interdependent and simultaneous 
characteristics of the SLM practices. As a result, they treated the use of various practices as 
separate decisions, whereas, Teklewold et al. (2013) affirmed that farmers often 
simultaneously pursue a number of SLM technologies in their plots, suggesting the 
importance of considering such issues in any analysis of farmer decision-making. 
Consequently, our study aimed to contribute to the existing literature through addressing this 
gap by objectively analyzing the underlying factors that affect the adoption of SLM measures 
by using a multivariate adoption framework. The results should help improve policymakers’ 
understanding of small-scale farmers’ technology adoption behaviors and thereby enable 
them to introduce appropriate policy measures and interventions to further enhance adoption 
of SLM technologies. 
 
3.2 Materials and Methods 
3.2.1 Study sites 
The study was undertaken in three watersheds (see Figure 4): the Aba Gerima and Guder 
watersheds in the Bahir Dar Zuria (11°25′ to 11°55′ N, 37°04′ to 37°39′ E) and Fagita 
Lekoma (10°57′ to 11°11′ N, 36°40′ to 37°05′ E) Districts, respectively, of the Amhara 
Region and the Dibatie watershed from the Dibatie District (10°01′ to 10°53′ N, 36°04′ to 
36°26′ E) of the Benishangul Gumuz Region, Ethiopia. 
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Figure 4: Location of the study sites 
 
These watersheds are part of the north-western highlands of the Upper Blue Nile Basin, 
Ethiopia. They vary a great deal in their SLM experiences. Each area has participated in the 
national government’s regular extension programs and other campaign-based SWC 
programs, but the areas’ experiences with other externally funded programs has varied a 
great deal. The Aba Gerima watershed is part of a larger program funded by the SDC’s 
WLRC project. It has been serving as an experimental watershed for integrated water and 
land resources management since 2011. Physical and biological SWC measures were 
extensively implemented in the watershed with the support of the WLRC project. The Guder 
watershed has received support from the World Bank under the SLMP since 2008 (SLMP, 
2013). Physical and biological SWC technologies were introduced in the watershed during 
this period, but not to the extent they were in the Aba Gerima area. During the same period, 
the Dibatie watershed received no external support for SWC projects. As compared to the 
other two watersheds, few physical SWC structures were introduced in Dibatie, primarily 
through the regular government extension program and campaign-based SWC interventions. 
Agriculture in the watersheds is dominated by subsistence mixed crop–livestock farming 
systems (Table 6). 
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Table 6: Biophysical characteristics of the study sites 
Feature (unit) Aba Gerima 
watershed 
Guder  
watershed 
Dibatie  
watershed 
Altitude (m a.s.l.) 1922–2250 1800–2900 1479–1709 
Temperature (°C) 13–27 9.4–25 25–32 
Annual rainfall (mm) 895–2037 1951–3424 850–1200 
Agro-ecological zone Humid subtropical Moist subtropical Tropical hot humid 
Total area (ha) 719 765 700 
Soil type Nitosols, Leptosols Acrisols, Nitosols Vertisols, Nitosols 
Dominant crop Teff, finger millet, 
wheat, maize, khat 
Barley, teff, wheat, 
potatoes, Acacia 
decurrens 
Finger millet, teff, 
maize, ground nuts 
Dominant livestock Cattle, sheep, goats, 
donkeys 
Cattle, sheep, 
donkeys, horses 
Cattle, sheep, goats, 
donkeys 
SLM-related projects WLRC SLMP None 
Source: Achamyeleh (2015); Kindye (2016); Haregeweyn et al. (2017); Haregeweyn et al. 
(2017); Own surveys. 
 
3.2.2. Sampling procedure, data, and data analysis 
The data used in this study came from detailed household and plot surveys of 300 farm 
households and 1010 farm plots operated by the respondents in three watersheds of the Upper 
Blue Nile Basin, Ethiopia. The survey was conducted in February and March 2015. A two-
stage cluster sampling procedure, involving a combination of purposeful and random 
sampling, was used to select sample respondents. In the first stage, I purposely selected three 
watersheds to represent the upper, middle, and lower parts of the basin: the Guder watershed, 
from the highlands; the Aba Gerima watershed, from the middle-elevation land; and the 
Dibatie watershed, from the lowlands. In the second stage, 100 households were selected 
from each watershed, for a total of 300. Respondents were selected using systematic random 
sampling techniques based on lists of households obtained from the respective local 
agricultural offices. 
The household survey was conducted using semi-structured questionnaires and covered 
detailed household and plot-level information. A pre-test survey was also conducted in each 
watershed to customize instruments to local conditions. The household survey included a 
series of close-ended questions focusing on respondents’ socio-economic, demographic, 
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institutional and plot characteristics, and perceptions about soil erosion severity, fertility and 
profitability of SLM technologies. Along with the quantitative information, qualitative data 
were collated to elucidate farmers’ reasons for investing and/or not investing in the 
respective SLM technologies on their plots. Specifically, I sought farmers’ general 
explanation on their plot-level SLM investment behavior to help interpret quantitative results, 
including: (i) which segment of the community (e.g., young vs. old, literate vs. illiterate, 
male vs. female, wealthy vs. poor, labor endowed vs. less labor endowed) is applying the 
respective SLM measures and why, (ii) who is the main player (i.e., intra-household 
responsibility) in undertaking the various activities (e.g., digging, excavating, compacting, 
transporting) involved in implementing the respective SLM measures, and (iii) which type 
of plots (e.g., fertility condition, distance from residence, position in the landscape) are 
receiving the respective SLM measures and for what reason. 
The plot survey covered specific plot-level information (e.g., plot slope, land use, 
position in the watershed, and existing SLM technologies on the plot and neighboring plots) 
using a checklist. Plot slope was measured with a clinometer (PM–5/360 PC Clinometer, 
Suunto). The data were input into the SPSS software (ver. 23, IBM, Armonk, NY, USA) and 
analyzed with a combination of descriptive and econometric analyses. Parameters of the 
MVP model were estimated with a user-written Stata routine (mvprobit) that employed the 
Geweke–Hajivassiliou–Keane smooth recursive conditioning simulator procedure 
(Cappellari & Jenkins, 2003). Parameters of the PR model were estimated by the maximum-
likelihood procedure. The Stata software (ver. 14.1, StataCorp LP, College Station, TX, 
USA) was used in the model estimates. 
 
3.2.3 Empirical models 
Farmers’ decisions on the adoption of land management technologies are not univariate 
decisions; rather, they have interdependent and simultaneous characteristics (Dorfman, 
1996). That is, farmers apply a mix of technologies (see Figure 5) to solve their land 
problems (Kassie et al., 2013; Teklewold et al., 2013). Because of this nature, a multivariate 
modeling framework is needed to account for the interdependent and possibly simultaneous 
characteristics of their decisions (Greene, 2003). Consequently, a MVP model was used to 
assess farmers’ decisions to adopt SLM measures. In this type of model, the choice of SLM 
measures related to each of the technologies corresponds to a dichotomous choice (yes/no) 
equation, and the choices are modeled jointly while accounting for the correlation among 
error terms (Kassie et al., 2013). Model estimates from such specifications are superior to 
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those from univariate specifications when the error correlations are significantly different 
from zero (Marra et al., 2015). Otherwise, the two modeling frameworks lead to similar 
results (Marra et al., 2015). Following Cappellari & Jenkins (2003), I constructed a system 
of simultaneous probit models for SLM measures as follows: 
 
ݕ௜௠כ ൌ ߚ௠ᇱ ݔ௜௠ ൅ ߳௜௠ 
ݕ௜௠ ൌ ͳ݂݅ݕ௜௠כ ൐ ͲͲ 
 
where ݕ௜௠כ  captures unobserved preferences of the ݅୲୦ farmer on the ݉୲୦ SLM measure 
(m = 1, 2, …, 8 available technologies in this study); ߚ௠ᇱ  is the set of parameters that reflect 
the impact of changes in the vector of explanatory variables ݔ௜ on the farmer’s preference 
towards the ݉௧௛ SLM measure; ݔ௜௠ represents the vector of observed variables that are 
expected to explain each type of SLM practice; and ߳௜௠ represents error terms following a 
multivariate normal distribution, each with a mean of zero and a variance–covariance matrix 
with values of 1 on the leading diagonal and non-zero correlations as off–diagonal elements. 
In the second analysis, I employed a PR model. Ramirez & Shultz (2000) noted that this 
type of model is important in assessing factors that influence farmers’ decisions to adopt 
SLM measures in developing countries. This seems plausible because the adoption of SLM 
technologies in developing countries is seldom a smooth or even process; rather, it is usually 
a stepwise and partial process, whereby farmers use none, some, or all of the measures. This 
is a typical case of event counting that necessitates the use of a PR model to estimate the 
number of SLM measures executed in a plot. Following Ramirez & Shultz (2000), the PR 
model on the dependent variable (ݕ௜ ), which was constructed as the sum of the binary 
responses of the SLM measures implemented in a plot by the ݅୲୦ farmer, was specified as: 
 
ܧሺݕ௜ሻ ൌ ߚݔ௜ ൅ ߳௜ 
 
where ܧሺݕ௜ሻ is the expected value of the dependent variable for the ݅୲୦ farmer, ߚ is the 
set of parameters that reflects the impact of changes in the vector of explanatory variables 
ݔ௜, ݔ௜ is a vector of observed variables, and ߳௜ represents error terms. 
 
Explanatory variables considered 
The choice of the hypothesized explanatory variables was based on economic theory and 
empirical works on SLM technology adoption decisions (e.g., Kessler, 2006; Marenya & 
Barrett, 2007; Pender & Gebremedhin, 2008; Kassie et al., 2013; Teklewold et al., 2013; 
40 
 
Teshome et al., 2016). The explanatory variables included in the model were socio-economic 
variables (age, gender, level of education, extension contact, SLM-related training, 
household size, off-farm income, amount of credit received, livestock size, and total asset 
value), and plot-specific variables (plot size, ownership, distance to residence, depth, 
position in the watershed, presence of SLM technologies in neighboring plots, presence of 
publically sponsored SLM technologies, slope, perceived fertility, perceived profitability of 
SLM technology, land use, and perceived soil erosion severity). Definitions of the selected 
variables, their hypothesized direction of influence, and descriptive statistical measures are 
presented in Table 7. 
 
3.3 Results 
Socio-economic, demographic, and plot characteristics 
Descriptive statistics of the variables included in the models are presented in Table 7. The 
average age of the respondents was 47.64 years, and the average schooling was 1.26 years. 
About 86% of household heads were male, and the average available on-farm labor force 
was about three adult person equivalents. The average plot size was 0.41 ha, and farmers 
owned about 5 TLU of livestock and had an average total estimated asset value (excluding 
land and livestock) of ETB 18,500 (925 at an exchange rate of USD 1 ≈ ETB 20). They 
had an average off-farm income and credit of ETB 8,800 ETB (USD 440 USD) and ETB 
3,800 ETB (USD 190), respectively. Respondents received extension services and SLM-
related training an average of about three times per year each. 
Most of the plots were owned by the households that cultivate them, and most (76%) 
were used to cultivate annual crops. More than two-thirds of the plots are in the upper and 
middle sections of the watersheds, and 43% and 36% of all plots were perceived to have 
moderately deep and shallow soil, respectively. About 30% and 59% of the plots were 
considered to have poor and moderate soil fertility, respectively. Less than half of the 
neighboring plots had any SLM technologies implemented and 34% of the plots had received 
publically sponsored SLM treatments. The majority of the plots were perceived to be in a 
moderately to very severely eroded state. 
  
41 
 
Table 7: Summary statistics and description of selected variables used in the analysis 
Variable description (coding/units) Variable 
name 
Expected 
sign 
Mean SD 
Age of the household head (years) Age ± 47.64 11.58 
Gender of the household head (1 = male, 0 = female) Gender ± 0.86 0.34 
Education level of the household head (years) Education ± 1.26 2.17 
Frequency of extension contacts per annum (no. of contacts) Extension + 2.94 2.72 
Household received SLM-related training (no. of training 
days per annum) 
Training + 2.71 1.36 
Household size (adult equivalent) Household 
size 
+ 3.24 1.37 
Off-farm income received by the household per annum (in 
ʹ000 ETB) 
Off-farm 
income 
+ 8.80 6.00 
Amount of credit received by the household per annum (in 
ʹ000 ETB) 
Credit + 3.80 1.80 
Livestock size owned by the household (TLU) Livestock + 5.11 2.73 
Total asset value owned by the household (in ʹ000 ETB) Asset + 18.50 14.90 
Plot size (ha) Plot size + 0.41 0.49 
Plot ownership or tenure (1 = own, 0 = rented) Plot 
ownership 
– 0.83 0.38 
Plot distance to residence (minutes of walking) Plot distance + 24.74 13.44 
Farmer reports plot has a moderate soil depth (1 = yes, 0 = 
no) 
Moderate 
depth 
+ 0.43 0.50 
Farmer reports plot has a shallow soil depth (1 = yes, 0 = 
no) 
Shallow 
depth 
+ 0.36 0.48 
Position of plot in watershed landscape, upper part (1 = yes, 
0 = no) 
Upstream + 0.32 0.47 
Position of plot in watershed landscape, middle part (1 = 
yes, 0 = no) 
Midstream + 0.39 0.49 
Neighboring plots have SLM measures (1 = yes, 0 = no) SWC in 
neighbor 
plots 
– 0.44 0.50 
Plot received public SLM improvements (1 = yes, 0 = no) Public SWC – 0.34 0.47 
Plot slope (%) Plot slope + 11.16 7.77 
Farmer reports poor soil fertility (1 = yes, 0 = no) Poor fertility + 0.30 0.46 
Farmer reports moderate soil fertility (1 = yes, 0 = no) Moderate 
fertility 
– 0.59 0.49 
Farmer reports SLM technologies are not profitable (1 = 
yes, 0 = no) 
SWC not 
profitable 
+ 0.48 0.50 
Plot land use type (1 = cropland, 0 = non-cropland) Land use + 0.76 0.43 
Farmers perceived level of soil erosion severity (1 = very 
low, …, 5 = very high) 
Soil erosion 
severity 
+ 3.63 1.06 
Note: ± indicates mixed result expectation. 
 
Farmer-implemented SLM measures 
The number of plots that received one or more of the SLM measures varied across the study 
sites (Figure 5). Aba Gerima watershed plots received the most SLM measures followed by 
the Guder and Dibatie watershed plots. Of the surveyed technologies, agroforestry and 
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drainage channels were the most widely applied measures, followed by application of 
inorganic fertilizers and manure. 
 
 
Figure 5: SLM technologies implemented by the farmers 
 
Model results 
The empirical results obtained from the MVP (Model I) and PR (Model II) models are 
presented in Table 8. These regression models were estimated at the plot level, and it is 
evident from both sets of results that most of the exogenous factors are important in 
explaining the plot-level adoption of SLM measures. The pairwise correlations between the 
error terms (ߩ) in the MVP model were statistically significant (p < 0.1) for 16 of 28 
combinations of the eight SLM measures (result not shown). This may indicate the 
complementarity and substitutability characteristics of the SLM measures under 
consideration. These results justify our decision to deploy the MVP rather than eight 
independently estimated probit equations. 
Age of the household head was important in explaining the adoption of manure (p < 
0.01), fanya juu (p < 0.1), traditional stone bunds (p < 0.01), and inorganic fertilizer (p < 
0.01) technologies, as well as the total number of SLM measures applied (p < 0.01). More 
specifically, households headed by older farmers’ were more likely to apply manure in their 
farmlands while less likely to implement the other technologies, besides they applied less 
number of SLM technologies. Male gender of the household head was shown to negatively 
affect adoption of manure application (p < 0.05), whereas the use of inorganic fertilizer (p < 
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0.05) was positively affected. The education level of the household head negatively 
influenced the adoption of fanya juu (p < 0.01), stone-faced soil bunds (p < 0.05), traditional 
stone bunds (p < 0.1), and inorganic fertilizer (p < 0.01) technologies; whereas, it had a 
positive effect on the use of manure (p < 0.01). Households headed by those who attained 
higher levels of education were more likely to apply manure, whereas they were less likely 
to invest in the other technologies. 
Frequency of extension contacts had a significant negative effect on the adoption of 
traditional stone bund (p < 0.05), agroforestry (p < 0.05), and drainage channel (p < 0.05) 
technologies, as well as on the total number of SLM technologies implemented (p < 0.1). 
This means those households with more number of extension contacts had less likelihood of 
adopting stone bund, agroforestry and drainage channel; and also less number of SLM 
technologies. In contrast, households in which at least one member received SLM-related 
training were more likely to apply manure (p < 0.01), whereas those that had more on-farm 
laborers were more likely to apply inorganic fertilizer (p < 0.05). 
Off-farm income negatively affected adoption of fanya juu (p < 0.05), stone-faced soil 
bund (p < 0.05), traditional stone bund (p < 0.05), and fertilizer (p < 0.01) technologies as 
well as the total number of SLM technologies implemented (p < 0.1); in contrast, it positively 
affected construction of drainage channels (p < 0.1) and application of manure (p < 0.05). 
The result suggests that households access to higher off-farm incomes were more likely to 
discourage the application of the former technologies, while more likely to encourage 
investment in the latter ones. In addition, an increment in the amount of credit received and 
the total number of livestock owned by households were found to significantly enhance 
manure application (p < 0.1) and fanya juu construction (p < 0.1), respectively. Furthermore, 
households with higher total asset values were more likely to use traditional stone bunds (p 
< 0.05) and implement a greater number of SLM measures (p < 0.01), but they were less 
likely to construct fanya juu (p < 0.1). 
Plot size had a negative influence on the adoption of fanya juu (p < 0.01), stone-faced 
soil bund (p < 0.01), traditional stone bund (p < 0.1), and manure (p < 0.01) technologies; in 
contrast, it had a positive influence on the adoption of agroforestry (p < 0.01) and the 
application of inorganic fertilizer (p < 0.01). This means that an increase in the plot size 
significantly reduced the likelihood of farmers’ investment in the former SLM technologies, 
whereas increasing the likelihood of their investment in the latter ones. Plot tenure positively 
affected the adoption of traditional stone bund (p < 0.05) and manure (p < 0.1) technologies 
as well as the total number of SLM measures applied (p < 0.1); it negatively affected the use 
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of agroforestry measures (p < 0.1). Owner operated plots were more likely to receive 
traditional stone bund and manure, as well as more number of SLM technologies than rented 
ones; and less likely to integrate agroforestry. Plots perceived to have moderately deep soil 
were less likely to receive traditional stone bunds (p < 0.01) and inorganic fertilizer (p < 
0.05), but they were more likely to be treated with manure (p < 0.05). However, plots that 
were perceived to be shallow were more likely to use stone-faced soil bunds (p < 0.05). Both 
upstream and midstream plots were more likely to receive inorganic fertilizer applications 
(p < 0.01) and less likely to be treated with manure (p < 0.01). 
Plots where public SLM activities had been conducted were more likely to receive soil 
bund (p < 0.01), fanya juu (p < 0.01), traditional stone bund (p < 0.01), and agroforestry (p 
< 0.01) technologies as well as to have a greater total number of SLM measures implemented 
(p < 0.01) in addition to the ones constructed through public SLM initiatives. Plots with 
moderate perceived fertility were more likely to be treated with manure (p < 0.1). Farmers 
who perceived that applying SLM measures would not be profitable were less likely to 
implement soil bund (p < 0.01), stone-faced soil bund (p < 0.01), drainage channel (p < 0.1), 
and inorganic fertilizer (p < 0.05) technologies, but they were more likely to construct 
traditional stone bunds (p < 0.01) and apply manure (p < 0.1). Croplands were more likely 
to receive stone-faced soil bund (p < 0.01), traditional stone bund (p < 0.01), drainage 
channel (p < 0.01), and inorganic fertilizer (p < 0.01) technologies as well as a greater total 
number of SLM measures (p < 0.01). Plots that were perceived as having more severe 
erosion were more likely to use stone-faced soil bund (p < 0.05), traditional stone bund (p < 
0.05), drainage channel (p < 0.05), and inorganic fertilizer (p < 0.05) technologies as well as 
a higher total number of SLM measures (p < 0.01). 
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Table 8: MVP model and PR model results for the type and number of SLM technologies, 
respectively 
 
Variables 
Model I 
MVP 
Model II 
PR 
SB FJ StFSB TStB AF DC MN FZ No. of 
SLM 
techs 
Age –0.007 –0.090 –0.057 –0.224 –0.065 –0.033 0.204 –0.177 –0.035 
(0.053) (0.052)* (0.076) (0.085)*** (0.059) (0.069) (0.061)*** (0.059)*** (0.013)*** 
Gender 0.069 0.024 0.072 –0.235 –0.016 0.082 –0.354 0.442 0.022 
(0.128) (0.147) (0.266) (0.199) (0.182) (0.149) (0.179)** (0.172)** (0.040) 
Education 0.072 –0.184 –0.250 –0.155 –0.004 0.026 0.220 –0.146 –0.010 
(0.046) (0.058)*** (0.098)** (0.092)* (0.067) (0.061) (0.055)*** (0.055)*** (0.015) 
Extension –0.017 0.025 0.111 –0.192 –0.171 –0.150 0.056 0.070 –0.024 
(0.051) (0.049) (0.079) (0.075)** (0.064)*** (0.075)** (0.066) (0.053) (0.012)* 
Training –0.013 0.015 –0.039 0.061 –0.032 0.087 0.154 0.001 0.018 
(0.049) (0.056) (0.076) (0.075) (0.060) (0.067) (0.053)*** (0.054) (0.013) 
Household 
size 
0.033 0.054 –0.048 0.019 0.032 –0.058 –0.021 0.124 0.013 
(0.054) (0.055) (0.080) (0.089) (0.067) (0.081) (0.062) (0.056)** (0.016) 
Off-farm 
income 
–0.047 –0.145 –0.189 –0.205 –0.066 0.115 0.146 –0.155 –0.022 
(0.048) (0.058)** (0.084)** (0.096)** (0.063) (0.060)* (0.058)** (0.048)*** (0.012)* 
Credit –0.032 0.020 0.015 –0.094 –0.037 0.033 0.080 –0.051 –0.005 
(0.047) (0.052) (0.071) (0.067) (0.053) (0.058) (0.048)* (0.048) (0.011) 
Livestock –0.051 0.098 0.080 0.020 0.062 0.009 –0.084 0.021 0.008 
(0.045) (0.051)* (0.093) (0.074) (0.057) (0.061) (0.070) (0.073) (0.012) 
Asset –0.038 –0.118 0.026 0.222 0.087 0.109 0.002 0.046 0.036 
(0.052) (0.060)* (0.086) (0.090)** (0.063) (0.072) (0.059) (0.053) (0.013)*** 
Plot size 0.028 –0.270 –0.350 –0.164 0.354 0.024 –0.475 0.155 –0.011 
(0.054) (0.098)*** (0.097)*** (0.093)* (0.087)*** (0.055) (0.062)*** (0.052)*** (0.012) 
Plot 
ownership 
0.067 0.173 0.128 0.432 –0.276 0.156 0.241 –0.043 0.053 
(0.132) (0.167) (0.209) (0.195)** (0.156)* (0.152) (0.145)* (0.125) (0.029)* 
Plot 
distance 
0.157 –0.064 –0.110 0.079 0.009 –0.031 0.037 –0.078 –0.002 
(0.049)*** (0.055) (0.054)** (0.062) (0.049) (0.053) (0.046) (0.047)* (0.011) 
Moderate 
depth 
0.016 0.086 –0.166 –0.388 –0.062 0.083 0.177 –0.186 –0.024 
(0.092) (0.119) (0.107) (0.112)*** (0.097) (0.087) (0.089)** (0.092)** (0.022) 
Shallow 
depth 
0.155 –0.139 0.261 –0.302 –0.082 0.013 –0.080 –0.017 –0.018 
(0.107) (0.125) (0.126)** (0.124)** (0.105) (0.118) (0.102) (0.090) (0.024) 
Upstream –0.232 0.373 0.129 –0.028 –0.019 0.008 –0.418 0.361 0.006 
(0.115)** (0.133)*** (0.166) (0.157) (0.126) (0.163) (0.111)*** (0.118)*** (0.030) 
Midstream –0.012 –0.073 0.115 –0.310 0.091 0.082 –0.319 0.225 0.003 
(0.109) (0.136) (0.180) (0.146)** (0.113) (0.138) (0.109)*** (0.105)** (0.028) 
SLM in 
neighborin
g plots 
–0.233 –0.571 0.099 –0.333 –0.408 0.085 0.225 –0.092 –0.077 
(0.183) (0.246)** (0.193) (0.246) (0.141)*** (0.140) (0.147) (0.148) (0.035)** 
Public 
SLM 
0.806 1.034 –0.049 0.808 0.478 –0.107 –0.259 0.043 0.209 
(0.211)*** (0.266)*** (0.219) (0.279)*** (0.154)*** (0.170) (0.169) (0.171) (0.038)*** 
Plot slope 0.018 –0.090 0.071 –0.191 0.042 –0.068 0.025 –0.002 –0.013 
(0.044) (0.056) (0.055) (0.054)*** (0.047) (0.046) (0.044) (0.047) (0.010) 
Poor 
fertility  
0.057 –0.194 –0.197 0.164 –0.053 –0.341 0.176 –0.184 –0.040 
(0.182) (0.193) (0.221) (0.200) (0.188) (0.209) (0.192) (0.206) (0.046) 
Moderate 
fertility 
0.004 –0.137 0.027 –0.206 –0.045 –0.186 0.302 –0.251 –0.029 
(0.148) (0.172) (0.199) (0.161) (0.173) (0.169) (0.175)* (0.179) (0.040) 
SLM not 
profitable 
–1.243 0.308 –0.648 0.746 0.037 –0.169 0.356 –0.232 –0.114 
(0.117)*** (0.125)** (0.153)*** (0.173)*** (0.094) (0.101)* (0.108)*** (0.093)** (0.024)*** 
Land use 0.034 –0.065 0.625 0.618 –0.540 1.365 –0.512 1.053 0.257 
(0.111) (0.125) (0.151)*** (0.154)*** (0.119)*** (0.148)*** (0.099)*** (0.109)*** (0.031)*** 
Soil 
erosion 
severity 
–0.023 –0.013 0.182 0.173 0.069 0.124 –0.080 0.109 0.041 
(0.056) (0.053) (0.081)** (0.076)** (0.056) (0.059)** (0.052) (0.049)** (0.013)*** 
Constant –0.373 –1.679 –1.906 –2.194 1.157 –0.748 0.017 –1.002 0.822 
 (0.263) (0.337)*** (0.423)*** (0.387)*** (0.340)*** (0.303)** (0.289) (0.265)*** (0.078)*** 
Wald chi2 
(df) 
7595.59 
(200) 
       327.99 
(25) 
Prob > 
chi2 
0.0000        0.0000 
N 1010        1010 
* p<0.1; ** p<0.05; *** p<0.01. 
Likelihood-ratio test of overall error terms correlation:ߩଶଵ ൌ ߩଷଵ ൌ ߩସଵ ൌ ߩହଵ ൌ ߩ଺ଵ ൌ ߩ଻ଵ ൌ ߩ଼ଵ ൌ ߩଷଶ ൌ ߩସଶ ൌ ߩହଶ ൌ ߩ଺ଶ ൌ ߩ଻ଶ ൌ
ߩ଼ଶ ൌ ߩସଷ ൌ ߩହଷ ൌ ߩ଺ଷ ൌ ߩ଻ଷ ൌ ߩ଼ଷ ൌ ߩହସ ൌ ߩ଺ସ ൌ ߩ଻ସ ൌ ߩ଼ସ ൌ ߩ଺ହ ൌ ߩ଻ହ ൌ ߩ଼ହ ൌ ߩ଻଺ ൌ ߩ଼଺ ൌ ߩ଼଻ ൌ Ͳ: chi2(28) = 599.642, Prob > 
chi2 = 0.0000.
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3.4 Discussion 
In our study area, farmers’ decisions to implement one or more SLM technologies were 
influenced by various exogenous factors. For example, the negative effect of the age of the 
household head on the adoption of fanya juu, traditional stone bunds, and inorganic 
fertilizers is related to the inability to provide sufficient labor or the relatively shorter 
planning horizon of the land manager (i.e., the household head). Young farmers, who are 
physically fitter or stronger and have longer planning horizons (i.e., they are less risk averse), 
are more likely to apply these technologies than older farmers, which is in agreement with 
the findings of Ndiritu et al. (2014). The positive effect of age on manure application is also 
related to the more risk-averse behavior of older land managers. This is plausible because 
older farmers have gained experience with traditional technologies and are more convinced 
of their productivity-enhancing attributes as compared to more labor-intensive and newly 
introduced technologies. On the other hand, older farmers, according to the qualitative 
statements in the interviews, often lack the financial means to purchase inorganic fertilizer. 
Nevertheless, this result contrasts with the finding of Abdulai et al. (2011) who argued that, 
if not resource-constrained, younger farmers are more likely to invest in manure application 
than older ones because they are in a better position to justify returns from investments 
whose benefits are realized over time. In any case, these results clarify the need for SLM 
extension programs that go beyond the traditional premise that all watershed inhabitants 
have similar attitudes toward technologies so that extension staff can include age-
disaggregated components. 
As anticipated, gender showed mixed results. The significant negative effect of male 
gender on manuring implies that female-headed households were more likely to apply 
organic fertilizer than their male counterparts, in contrast with the findings of Pender & 
Gebremedhin (2008); the opposite held true for applying inorganic fertilizers. The latter 
result is plausible in subsistence agriculture systems in which female farmers often lack the 
resources to buy external inputs, so they usually resort to the application of manure in their 
fields, which is possibly similar to the conditions faced by older farmers. Similarly, 
education level of the household head showed mixed results as I expected. It is generally 
believed that a higher level of educational achievement will aid farmers in comprehending 
the dynamics and benefits of SLM measures. However, our findings contradicted this 
general contention in terms of the adoption of fanya juu, stone-faced soil bund, traditional 
stone bund, and inorganic fertilizer technologies. Plausible explanations for these findings, 
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according to informants, are that the generally low level of educational achievement among 
farmers in this area, inadequate emphasis given to environmental issues in the curricula of 
lower grades, or that farmers opt to participate in off-farm activities. The explanation in the 
middle part was in agreement with Dalelo (2011), who found that the existing primary level 
curriculum guides in the country provide lesser opportunity to integrate environmental issues, 
and the latter explanation was supported by the variable amount of off-farm income in our 
study. In the case of manure application, I found that education and receipt of SLM training 
by household members did help them to understand the importance of manure to soil fertility, 
or otherwise its lower competition to land managers’ labor promoted its application. The 
latter holds true because mostly female and young household members collect, carry, and 
apply manure to farmlands. Likewise, farmers with more livestock and more on-farm labor 
were more likely to apply manure, in line with the findings of Kassie et al. (2013) and 
Teklewold et al. (2013). The results also revealed that wealthier farmers were more likely to 
construct traditional stone bunds and implement more SLM measures overall, as derived 
from the qualitative interviews, reflecting their greater ability to hire off-farm labor; 
nonetheless, they were less likely to adopt fanya juu, suggesting a need for greater awareness 
creation through wealth-disaggregated extension targeting. Furthermore, plot size was found 
to exert a significant negative effect on the adoption of fanya juu, stone-faced soil bund, and 
traditional stone bund technologies, contrary to our expectations, which, according to 
informants, is related to a lack of awareness about such technologies, space competition for 
scarce land, and the higher labor inputs required for their construction. A positive effect on 
the adoption of agroforestry and inorganic fertilizer was observed for plot size. The 
agroforestry result is similar to that of Marenya & Barrett (2007). This is most likely true 
because the opportunity costs facing households engaging in agroforestry are relatively 
lower as the amount of land allocated to it increases, thus they can realize economies of scale. 
This is not a surprise in the Guder and Aba Gerima watersheds where Acacia decurrens and 
Chata edulis, respectively, serve as important cash crops. 
Plot tenure was found to facilitate investment in traditional stone bunds, application of 
manure, and a greater total number of SLM measures implemented. This finding is consistent 
with the studies of Abdulai et al. (2011), Gao et al. (2012), and Teklewold et al. (2013), who 
reported that owner-operated plots are more likely to receive manure applications with 
increased tenure security. This explanation suggests that secure tenure allows owner 
operators to accept delayed benefits from such investments; conversely, it becomes a 
disincentive for lessors to obligate sharecroppers to implement SLM measures. However, 
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the inverse relationship with agroforestry is related to the better performance of rental 
markets in transferring land use to cash crop cultivation (e.g., A. decurrens and C. edulis) in 
the highland areas. On the other hand, plots perceived to be moderately deep and fertile, 
respectively, were more likely to be treated with manure rather than inorganic fertilizers, 
which is related to the farmers’ preference to apply inorganic fertilizers rather than manure 
to more fertile land to gain immediate higher returns on investment. This is in stark contrast 
with the result of Gao et al. (2012), who found that highly fertile plots tended to receive 
more manure than plots with poor or moderate fertility. Plots perceived to have shallow soil 
were more likely to receive stone-faced soil bunds in areas where stone was easily accessible. 
Upstream and midstream plots were more likely to receive inorganic fertilizer treatments 
rather than manure applications. The main reason for these results, according to information 
from the qualitative sections of the interviews, is the distance of the plots from the residence 
or the bulky nature of manure with respect to transport to these positions in the landscape. 
This latter point is also very much related to on-farm labor availability. An equally important 
explanation is that plots in such landscapes are considered to be more liable to the negative 
impacts of runoff than the downstream ones, and therefore are less interesting for the 
application of long term SLM measures like manure. 
Surprisingly, plots that received SLM measures through public initiatives were more 
likely to receive additional measures from the land managers, highlighting the importance 
of collective intervention in the adoption of SLM technologies. Furthermore, farmers who 
perceived more severe soil erosion problems and believed in the profitability of SLM 
measures were more likely to use structural measures and apply inorganic fertilizers. These 
results imply that both of these perceptions are important in farmers’ land management 
investment decisions, which is in line with the findings of Asrat et al. (2004), Teshome et al. 
(2016), and Kessler (2006), who found that farmers are eager to see short-term impacts and 
prioritize the use of their limited resources. Farmers who perceived the adoption of SLM 
measures as unprofitable may instead apply manure until such time that they are able to 
foresee that the associated benefits outweigh costs of implementing other SLM technologies. 
Consequently, intervention programs must first focus on erosion hotspot areas to create 
opportunities for farmers to eventually learn to evaluate the additional benefits and costs of 
SLM measures by themselves. 
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3.5 Conclusions 
In SSA, farming is characterized by severe soil loss as a result of water erosion and [s]low 
adoption of SLM measures. Our analyses provide an understanding of farmers’ plot-level 
technology adoption decisions by simultaneously examining SLM technology adoption and 
farm and household characteristics. Our results indicated that farmers’ adoption of SLM 
measures depends on a number of plot characteristics, including soil fertility, soil depth, 
watershed position, and tenure. Therefore, policymakers should emphasize areas with poor 
fertility and shallow soil in midstream and upstream plots as well as re-evaluate land-transfer 
agreements to ensure that farmlands receive necessary conservation measures. For example, 
government agencies should allow land transfers for a longer period of time and provide 
incentives for land conversion to agroforestry uses.  
Technology adoption decisions by small-scale farmers were found to depend on age, 
gender, education, livestock number, and wealth. It is also clear that farmers are orientated 
towards economically rational decisions concerning SLM measures. As a consequence, 
policy efforts to promote SLM technologies should vary depending on local socio-economic 
and plot conditions by promoting the use of the most appropriate technologies for specific 
farm and household characteristics. For example, intervention supports of physical measures 
should be prioritized for lands owned by older farmers; whereas, the use of manure 
treatments should be promoted to younger and male-headed farm households. The latter 
group could become better informed through education, training, and asset-building 
intervention programs. Female-headed farm households, however, have stated to benefit 
more from loan supports for the application of inorganic fertilizers on their croplands. Once 
households see the benefits of adopting a given SLM measure, it may be possible to persuade 
them to try additional measures. 
The adoption of SLM measures was also affected by the receipt of SLM measures 
through publically sponsored initiatives, perceived soil erosion severity, and perceived 
profitability of the SLM measures. Farmers should be encouraged to willingly participate in 
public SLM initiatives to ensure the enhanced adoption of additional measures. At the same 
time, farmers’ indigenous knowledge of detecting soil erosion severity should be enhanced 
by providing training and integrating complementary enterprises (e.g., fodder production) to 
enable farmers to reap immediate additional benefits from implementing SLM measures.  
Above all, our findings imply that SLM recommendations, strategies, and measures 
should not be based on “one size fits all” and “across the board” solutions, let alone the idea 
that there is one “silver bullet” to solve soil degradation problems. Instead, SLM strategies 
 50 
have to be specifically adapted to specific farmers’ groups and be as diverse as those groups 
and the regions they live in. 
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Chapter 4. Factors affecting small-scale farmers’ land allocation and tree 
density decisions in an Acacia decurrens-based agroforestry system in 
north-western Ethiopia 
4.1 Background 
Low investments in sustainable short- and long-term land management practices are a major 
concern in the Ethiopian highlands (Bewket, 2007; Adimassu et al., 2012); especially the 
north-western highlands of the Upper Blue Nile basin, an area that suffers from ongoing soil 
degradation and drought (Bewket & Sterk, 2003; Bewket, 2007). Among the soil degradation 
processes in this area, soil erosion and nutrient depletion present significant challenges to 
agricultural productivity and food security. These processes, coupled with population 
increases, constrain productivity and livelihood options and exacerbate deforestation, 
pushing agriculture to marginal areas like steep slopes (Jagger & Pender, 2003; Bewket, 
2007), increasing soil erosion, thereby further harming subsistence farming in the region. 
To curb this situation, since the early 1970s the government of Ethiopia has introduced 
various land management technologies (Bewket, 2007; Adimassu et al., 2012). Emphasis 
has been placed on SWC measures on cultivated lands, as well as area-closure, reforestation 
and afforestation of degraded communal hillsides (Bewket, 2007; GIZ (Deutsche 
Gesellschaft für Internationale Zusammenarbeit GmbH), 2015). However, their widespread 
adoption and adaptation by small-scale farmers in the wider landscape remain low (Bewket, 
2007; Adimassu et al., 2012; Sisay & Mekonnen, 2013). In this context, new land use 
practices, that bring about an economic benefit for the farmers and at the same time 
contribute to SWC, for instance agroforestry, could significantly improve the sustainable use 
of natural resources and assist as a key natural resource management strategy in achieving 
the millennium development goals (Garrity, 2004). 
Research findings show investment in tree planting could reduce the prevailing poverty 
(Garrity, 2004; Jagger et al., 2005), supply firewood (Jenbere et al., 2012) and improve 
degraded ecosystems (Sisay & Mekonnen, 2013). Recognizing such roles, government and 
non-government organizations are promoting exotic multipurpose tree species for small-
scale farmers (Mekoya et al., 2008; Sisay & Mekonnen, 2013). However, these interventions 
have been based on a simplistic view that all farmers should plant more trees without 
consideration of their resource constraints or of the socio-economic incentives for growing 
trees (Admassie). Reasons for the limited success include inappropriate tree species, lack of 
consideration of growers’ objectives and socio-economic conditions, a limited pool of 
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species, low multipurpose value of species, and land and labor constraints of the target 
groups (e.g. Mekoya et al., 2008; Reubens et al., 2011; Sisay & Mekonnen, 2013). Besides 
eucalyptus species (mainly Eucalyptus camaldulensis Dehnh. and Eucalyptus 
globulus Labill.) that have successfully expanded across the northern and north-western 
highlands (Jagger & Pender, 2003; Abiyu et al., 2016), Acacia decurrens (J.C. Wendl.) 
Willd. was introduced into the central highlands of Ethiopia in the early 1990s for short-
rotation forestry (Sawyer, 1993) to counter urban firewood shortages arising from 
deforestation (Pohjonen & Pukkala, 1990). Around the same time, A. decurrens was 
introduced into state-owned plantations of the north-western highlands (Achamyeleh, 2015). 
Very recently the species has also been recommended for large-scale watershed 
rehabilitation in the country (GIZ, 2016). 
Except for a few tree screening trials in the central highlands of Ethiopia (e.g. Mekonnen 
et al., 2006; Tesfaye et al., 2015), there is, to our knowledge, no study on the socio-economic 
aspects of establishing A. decurrens plantations. Recent plantings of A. decurrens on 
degraded cultivated lands for short-rotation agroforestry have earned positive feedback for 
their ability to prevent soil erosion (Reubens et al., 2011; Kindye, 2016), improve soil 
fertility (Reubens et al., 2011; Achamyeleh, 2015) and enhance water quality (Reubens et 
al., 2011). Assessing the motivations of farmers to establish plantations, the respective 
determinants and the context in which tree planting has expanded is important to better 
understand the mechanisms underlying potential SLM schemes of small-scale farmers in 
Ethiopia. This will help to further expand the technology to areas with similar socio-
economic and ecological conditions and to establish farmer-oriented agroforestry strategies 
within the wider landscape. The study also provides a basis for understanding, more 
generally, the uptake of new livelihood strategies by small-scale farmers. The hypothesis for 
this study is that a host of economic and environmental incentives and of farm and farmer 
characteristics explain the expansion of A. decurrens-based agroforestry systems (i.e., joint 
production of forestry and agricultural crops) in the Amhara region of Ethiopia. 
 
4.2 Materials and Methods 
4.2.1 Study site 
The study was undertaken in Fagita Lekoma district, Awi Zone, Ethiopia (10°57′23″ to 
11°11′21″N, 36°40′01″ to 37°05′21″E; 1800–2900 m a.s.l.) (see Figure 6). The district has 
a total population of 146,848 people, of which about 90% live in rural areas, and the 
population density is 224.7 people per km2 (CSA, 2016). The mean annual rainfall is 2,434.6 
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mm, and the mean annual minimum and maximum temperatures are 9.4 and 25 °C 
(Achamyeleh, 2015). The district is part of the moist subtropical agro-ecological zone of the 
north-western highlands of Ethiopia. Farmers in the district practise mixed subsistence 
cropping–livestock farming systems. The major crops are barley (Hordeum vulgare L.), teff 
(Eragrostis tef Zucc.), wheat (Triticum aestivum L.) and potato (Solanum tuberosum L.). 
The predominant soil type is Acrisols (FAO, 1984). The topography is rugged and 
undulating (Achamyeleh, 2015). 
 
 
Figure 6: Map of the study area 
 
4.2.2 Data collection and analysis 
Prior to the formal survey, farmers, development agents and district experts were 
interviewed and field observation was undertaken to gain information for designing the main 
survey. The main survey data were collected from 200 randomly selected small-scale 
farmers in six randomly selected villages. Following random selection of the villages, a list 
of all households was compiled from local agricultural offices. Subsequently, I selected 
respondent households following systematic random procedure. A total of 200 respondents 
were drawn from the six villages, in proportion to the total number of households in each 
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village. The study unit was the household and the data were collected through a face-to-face 
interview using structured questionnaires. Through the interviews, I sought to acquire 
information about socio-economic characteristics, institutional conditions and agroforestry 
practices. The interviews were conducted in October and November 2015. 
 The data were entered into SPSS statistical software (v. 23, IBM, Armonk, NY, USA) 
and were analysed by a combination of descriptive and econometric analyses. Chi-square 
test was used to assess association of farmer and farm related attributes between groups (A. 
decurrens grower vs. non-grower). The t-test was applied to assess mean differences in 
planted trees density between male- and female-headed households, and in farmer and farm 
related attributes between growing and non-growing households. A Tobit regression model 
was used to model the effects of explanatory variables on farmers’ decisions to allocate land 
to planting A. decurrens and determine planting density, as these decisions could either be 
zero or take on some positive values. Prior to running the Tobit model, the data were assessed 
for multicollinearity. I employed the variance inflation factors to diagnose this problem and 
detected no problem. Parameters of the Tobit model were estimated by the maximum 
likelihood method in Stata software (v. 14, StataCorp, College Station, TX, USA). 
 
4.3 Conceptual and analytical frameworks 
Most studies of the adoption of agroforestry technologies tend to assess the conceptual 
underpinnings of the uptake of new or improved technologies. Following Holmes & 
Adamowicz (2003), I hypothesized that farmers’ decisions on land allocation to A. decurrens 
woodlots and planting densities follow the theory of random utility maximization in light of 
their objectives, production possibilities and constraints, in which the utility derivable from 
these decisions depends on a vector of farm and farmer attributes. As utilities are random, a 
farmer will allocate a larger share of land and will plant trees more densely if the expected 
utility from doing so exceeds the expected utility from not doing so, all other factors being 
constant. Farmers’ utility from such woodlot management is to be derived from expected 
future net benefit (benefits minus costs) streams. In our study, such benefits are the ones 
mentioned under ‘farmers’ motivations for planting A. decurrens’. In this paper, land 
allocation refers to the proportion of land devoted to woodlots, while tree density refers to 
the total number of tree seedlings planted on a given plot of land. 
 Literature on the diffusion of innovation theory uses different econometric models to 
analyse small-scale farmers’ decisions on the uptake of agroforestry technology (Mercer, 
2004; Choudhury & Goswami, 2013). Typically, most studies used probit or logit techniques, 
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treating the decision to adopt as binary (Mercer, 2004). However, this does not take into 
account the strength of decisions. For example, a farmer may allocate a smaller or larger 
share of his or her farm to trees, and plant a lower or higher density of trees. And farmers 
might make these decisions simultaneously or independently. To address these issues, I used 
a Tobit regression model, following Rajasekharan & Veeraputhran (2002). Using a left-
censored limit of zero, the Tobit model can easily be expressed as: 
 
ݕ௜כ ൌ ݔ௜ߚ ൅ ߝ௜ǡ ݅ ൌ ͳǡ ʹǡ ͵ǡ ǥ ǡ ݊ 
 ݕ௜ ൌ ݕ௜כ݂݅ݕ௜כ ൐ Ͳ 
ݕ௜ ൌ Ͳ݂݅ݕ௜כ ൑ Ͳ 
 
where ݕ௜ is the dependent variable for the ݅௧௛ observation (the proportion of land allocated 
for A. decurrens plantation and the number of trees planted in a plot of land operated by the 
݅௧௛ farmer), ݕ௜כ is the underlying latent dependent variable, ݔ௜ is a vector of independent 
variables, ߝ௜ is the disturbance term (assumed to be independently and normally distributed 
with zero mean and constant variance), and n is the number of observations. 
Values of the estimated coefficients from a Tobit model do not directly give the marginal 
effects of the independent variables on the dependent variable, but their signs show the 
direction of relationships (Gujarati, 2012). By extending McDonald & Moffitt (1980)’s 
decomposition of the Tobit model, I calculated (1) changes in the mean of the latent 
dependent variable, β; (2) changes in the probability of being uncensored, ∂Pr(y>0/x)/∂x; (3) 
changes in expected values of the dependent variable conditional on being uncensored, 
∂E[y/x, y>0]/∂x; and (4) changes in the conditional expected value of the latent dependent 
variable, ∂E[y*/y>0]/∂x. 
 
4.4 Results and discussion 
Farmers’ motivations for planting A. decurrens and characteristics of taungya practice 
I obtained results from 162 plantation growers with an average of 0.56 ha (SD 0.233 ha, 
range 0.125–1.0 ha) of land dedicated to A. decurrens. (The other 38 respondents were non-
growers.) The farmers planted an average of 16,276 trees ha–1. The mean density of planting 
differed significantly between male-headed and female-headed households (14,703 vs 5,493 
trees ha–1, P < 0.01). Of the growers, about 68% primarily sourced their tree seedlings from 
their own nurseries, about 24% purchased from other farmers, and the rest of them obtained 
seedlings from government nursery. 
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The growers’ main motivation for planting A. decurrens is to generate additional cash 
income (mean score = 6.82), mainly through converting the wood into charcoal (Table 9). 
Those who lacked sufficient financing and labor for making charcoal sold their wood to 
charcoal makers. The growers planted the trees in a taungya system, which allowed them to 
produce food crops (teff, wheat and barley) during the establishment phase and later grass 
hay to support their livestock. This helped them to secure extra income from complementary 
effects between the trees and crops, raising income, productivity and land-use efficiency. On 
average, a mean income of 76,604.94 ETB (~3596 USD) over a period of four years is 
reported by growers from charcoal sales. Similarly, based on a financial analysis, 
Achamyeleh (2015) reported a net present value of 127,128.75 ETB ha–1 (~5,968 USD ha–
1) from A. decurrens plantations, which was about quintuple as high compared with the gains 
from traditional monocultures (teff, wheat and barley). 
 
Table 9: Motivations to plant A. decurrens 
Score 
rank 
Motivation Proportion of farmers that 
mentioned as primary (%) 
Mean 
scorea 
SD 
1 To generate additional cash income from 
charcoal 
84.6 6.82 0.48 
2 To improve soil fertility of cultivated 
land 
75.3 6.01 0.59 
3 For soil and water conservation 52.5 4.16 1.36 
4 As source of firewood 38.3 3.56 1.37 
5 As source of construction material 23.5 3.36 1.02 
6 As source of animal feed 16.7 2.41 1.12 
7 To serve as farm boundary 9.3 1.80 1.22 
aThe expected mean score of the ranked items was computed as 4.00.  
Note: Any item with a mean value ≥4.00 was regarded as main motivation to planting A. decurrens, while the ones <4.00 
were regarded as minor. 
 
The next most important motivations to engage in A. decurrens plantations are to 
improve the soil fertility of degraded farmland (mean score = 6.01) and to control soil erosion 
(4.16). Almost all growers felt that these abilities of A. decurrens were valuable. Of those 
growers, 81.5% preferred to plant on plots with low soil fertility, and the rest plant on plots 
with medium soil fertility. Growers preferred to plant seedlings in June and July to provide 
sufficient moisture and to manage them together with the intercrop. After they harvested 
their trees (usually after 4 years), 88% of growers planted teff, 57% barley, 72% wheat and 
35% potato. Those who made charcoal did so on the same land so as to use the biochar by-
product to improve soil fertility; Kassie et al. (2013), for example, showed that soils 
amended with biochar produced a higher maize yield. Thus, in addition to its income 
 58 
generation role, growers used the woodlots to reclaim cultivated land. This strategy is 
feasible in a region where 82% (Table 10) of the households possess marginal plots owing 
to continuous cultivation, soil acidity (Achamyeleh, 2015) and lack of money to buy 
fertilizer. This stands in contrast to Ndayambaje et al. (2013), who reported that 
environmental issues were not important determinants of growing farm woodlots in 
developing countries. 
The sites where A. decurrens was planted have evolved over time in the study area. 
According to key informants, the tree was originally introduced for roadside planting. 
Witnessing its fast growth and compatibility with annual crops, coupled with promotion by 
extension agents, farmers began planting it along plot boundaries for firewood and fencing. 
Very recently, the emergence of attractive regional charcoal markets and the need for soil 
fertility improvement have led to its wider expansion into woodlot plantations on cultivated 
land. 
 
Characteristics of respondents 
A typical household in the study consisted of 3.37 working labor (Table 10). Around 84% 
of all households (93% of A. decurrens grower households) were male-headed. The mean 
age of the household heads was 45 years, and they had an average of 2.5 years of schooling. 
Growers were younger and better educated than non-growers. Households owned an average 
of 1.31 ha of land and 7.2 TLU. Growers had more than twice as much land and nearly three 
times as many livestock as non-growers. Growers received significantly more annual 
agricultural sale income (9,503 ETB) and credit (3,047 ETB) than non-growers (3,073 and 
448 ETB, respectively). In addition, growers had better access to land resource management 
training and extension services. Therefore, households with low resource endowments are 
less likely to establish and integrate A. decurrens plantations, as much as they might want 
to. 
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Table 10: Summary statistics of the variables used in the Tobit analysis 
Variable (coding/units) Expected 
sign 
Growers 
(n = 162) 
Non-
growers 
(n = 38) 
Mean (SD) Sig. 
(t/F2) 
Sex of household head 
(1 male, 0 female) 
Male 
+ 
0.93 0.45 
 51.16*** 
Female 0.07 0.55 
Age of household head (years) – 44.3 49.1 45.2 (9.87) –2.79*** 
Educational level of household head 
(years) 
+ 2.85 0.84 2.47 (2.89) 3.98*** 
Household available labor (man-
equivalent) 
+ 3.58 2.47 3.37 (1.24) 5.30*** 
Total livestock owned by household 
(tropical livestock units) 
+ 8.21 2.92 7.20 (3.91) 8.87*** 
Land farmed by household (ha) + 1.45 0.69 1.31 (0.55) 8.96*** 
Number of land resource management 
classes received per year 
+ 1.34 0.45 1.17 (0.98) 5.41*** 
Number of visits by extension agents 
per year 
+ 2.59 0.92 2.27 (1.65) 6.09*** 
Household access to credit 
(1 yes, 0 no) 
Yes 
+ 
0.91 0.24 
 83.52*** 
No 0.09 0.76 
Credit received (ETB)  3047 448 2553 (2360) 6.76*** 
Distance of plot from main road 
(walking minutes) 
– 21.4 31.5 23.3 (11.1) –5.39*** 
Off-farm and non-farm income (ETB) + 5379 4766 5263 (5433) 0.63 
Household possession of 
marginal land (1 yes, 0 no) 
Yes 
+ 
0.82 0.11 
 73.07*** 
No 0.18 0.89 
Total household cash income from 
sale of agricultural outputs (ETB) 
+ 9503 3073 8281 (6203) 6.28*** 
***P< 0.01. 1 USD ≈ 21.3 ETB (Ethiopian birr). 
 
Determinants of proportion of land allocated to and number of A. decurrens trees planted 
I developed models of the determinants of the proportion of land allocated to tree planting 
(model I) and the number of A. decurrens trees planted (model II). Overall, the models fitted 
the data well (Table 11). 
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As anticipated, the sex of the household head positively influenced land allocated to 
planting (P < 0.1) and tree density (P < 0.01). On many small-scale farms, men have less 
difficulty in obtaining labor and have more access to and control of resources than do women 
(Doss & Morris, 2001). Moreover, men’s better position within society gives them better 
access to technical and market information. These advantages give them greater capacity to 
plant A. decurrens. Asfaw & Admassie (2004) asserted that male-headed households are 
more likely to learn about new technologies than are female-headed households. Likewise, 
Ayele (2009) indicated that female-headed households are less likely to grow large number 
of trees than are male-headed households. Thus, our finding is consistent with the view that 
male-headed households have better incentives and opportunities to allocate more land to A. 
decurrens and to plant at a higher density to maximize their gains. 
Interestingly, the age of the household head was significant (P < 0.01). In agreement 
with the expected negative sign (Table 10), age had a negative influence on land allocation 
and number of trees planted. Younger farmers are more likely to favor those decisions. This 
difference could be attributed to the fact that younger farmers are physically more capable 
of managing woodlots and have longer planning horizons (lower discount rates), and are 
thus less risk-averse. Moreover, their switching costs are lower than those of older farmers 
because if they are faced with a food shortfall, they might more easily resort to other 
livelihood options, for example seeking off-farm income. Conversely, older farmers may not 
be able to provide the labor needed for planting and charcoal burning. Keil et al. (2005) 
found, the intensity of adoption of leguminous trees to improve fallow land decreases with 
increasing age of the household head. 
The size of the farm, which is the farmers’ main resource, had a positive and significant 
effect on both decisions (P < 0.01). Other things being equal, farmers with more land are 
more likely to allocate a larger proportion to A. decurrens at a higher planting density to 
maximize their gain from charcoal production. Similarly, Abiyu et al. (2016), Jenbere et al. 
(2012) and Ndayambaje et al. (2013) found that farmers with larger farms were more likely 
to expand their investment in agroforestry. In addition, Nyaga et al. (2015) and Ayele (2009) 
reported that farmers with better resource endowments are likely to allocate more land for 
growing more trees on the homestead than those who had fewer resources. They are able to 
do this because they have more flexibility owing to their better land endowment and can 
store surplus food to manage the risk of crop failure, or are less constrained in food 
production to meet immediate household requirements (Sood & Mitchell, 2009). Moreover, 
the square of this same variable had significant effects on land allocation (P < 0.05) and tree 
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density (P < 0.01). Its negative sign indicates a maximum area beyond which farmers reduce 
the proportion of land allocated to tree planting and tree density, even on a large farm. This 
inverted U-shaped relationship (with the proportion of land allocated to A. decurrens and 
tree density first rising and then falling with increasing farm size) is likely due to the fact 
that with increasing acreage, woodlots reach their limits, be it through scarcity of labor or 
other production resources or through market limits (markets cannot absorb, at least locally, 
increasing products, or that transport costs to markets increase with larger amounts of 
products). 
In the absence of surplus household income and accumulated savings, credit plays an 
important role in small-scale farm household land use decisions and technology choices. As 
anticipated, access to credit had a positive, significant effect on tree density (P < 0.01). 
Having access to credit can alleviate constraints of liquidity and working capital on farmers’ 
decisions to plant trees. This finding suggests that households with access to credit are more 
likely to plant A. decurrens more densely than those without access. Moreover, households 
with financial constraints tended to sell the plantation stands instead of making charcoal. 
Exploiting the full profit potential of an A. decurrens plantation requires larger cash outlays 
than cereal production because of the investments in seedlings and the plantation 
establishment, costs of operation and maintenance throughout the plantation period, as well 
as the opportunity cost of shifting from cultivation of crops with short cash flow cycles to a 
relatively longer one. Hence, as most small-scale farmers have insufficient savings, 
increased access to credit may encourage them to invest in an A. decurrens-based taungya 
system. 
I expected the distance of a woodlot from a main road (and hence markets for charcoal), 
a proxy for plot accessibility, to discourage land allocation to woodlots; in contrast, distance 
from main roads encouraged woodlot planting at a level approaching significance (P < 0.1). 
This result is counterintuitive because farmers pay ETB 2–5 (≈ USD 0.09–0.23) per sack to 
transport the charcoal to the market, depending on the distance, which constitutes an 
additional cost in charcoal marketing. This finding also contradicts von Thünen’s theory of 
the isolated state (Diogo et al., 2015), which posits that the farm product that achieves the 
highest return will outbid others in the competition for location to reduce transport costs. An 
explanation for this would be that woodlots are still less intensive in terms of costs, and their 
transport cost intensity is lower than for example perishable or high value food crops. This 
would then be in accordance with von Thünen, as his model proposes less intensive systems 
in remoter areas or circles. However, to finally determine this, a comparison of the 
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profitability of annual food crops versus woodlots has to be done. 
The effect of land quality in terms of soil fertility was interesting. Household possession 
of marginal land positively affected both land allocation and tree density (P < 0.01). Long-
term soil fertility decline affected farmers’ decisions to plant A. decurrens on a plot of land 
(Achamyeleh, 2015). Those households with less-fertile land have more incentive to allocate 
more land to A. decurrens, presumably because returns from cereals on less-fertile land are 
lower than returns from A. decurrens. This is an important soil fertility management strategy 
given the low level of inorganic fertilizer use in the study area. 
 
4.5 Conclusions 
Households are more likely to plant A. decurrens, and at greater density, if they have larger 
farms, marginal land, less accessible plots, access to credit, a male head of household and a 
younger head of household. The most important motivations for planting A. decurrens are 
additional income, soil fertility improvement, and the need for SWC. Although common 
supply-driven extension activities often treat rural households as though they are 
homogeneous in their uptake of new technologies, they are in fact heterogeneous (Elias et 
al., 2016). This explains why access to extension had no influence on land allocation to A. 
decurrens planting and tree density. A more diversified extension approach with appropriate 
targeting could encourage more farmers to adopt an A. decurrens-based taungya system. As 
farmers are more willing to plant A. decurrens on marginal lands, farm-level factors should 
be considered in extension programs. Female-headed households are likely to allocate less 
land to A. decurrens and to plant less densely, probably because of socio-economic and 
cultural disadvantages in access to information, labor, markets and technical support. 
Therefore, an extension approach that considers gender as an important targeting variable 
would contribute significantly towards closing the gender gaps in technology. 
Understanding the role of this factor will require further in-depth analysis. 
Land use and livelihoods are undergoing rapid change in the study area as a consequence 
of the expansion of A. decurrens plantations. If carefully managed, this change has the 
potential to contribute to sustainable rural livelihoods. The importance of lower plot 
accessibility, access to credit and farm size in our model indicates that in the absence of 
public intervention, small-scale farmers may face constraints that exclude them from reaping 
the full benefits of new technologies. Hence, as more farmers become aware of market 
opportunities and expand their A. decurrens plantations for charcoaling, the importance of 
road access is likely to become more significant. Improving village-to-village road access 
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should be considered a high priority for the development of the agroforestry market system, 
as well as a general poverty-reduction strategy. Upgrading local roads is needed to make 
distant marginal A. decurrens plots more profitable. In addition, the importance of access to 
credit in influencing land allocation and tree density shows the need for improving rural 
credit systems. Government and non-government organizations have to play an active role 
in rural development through the provision of tailor-made financial assistance to resource-
constrained farmers. This could cover the cash gap between planting and harvesting, when 
no income is generated. 
In general, there is an increasing tendency in the spread of A. decurrens woodlots in the 
north-western Ethiopia. For further dissemination of such agroforestry based land 
management practices across the region, the extension programs should play a proactive role 
in introducing technologies with multipurpose values (e.g. generate income, reclaim 
degraded lands, provide renewable energy, etc.), and tailoring outreach efforts to assist 
farmers access to institutional support. Moreover there is a need for further study on the 
optimal level of land that farmers should allocate to plantations as well as the corresponding 
planting densities, given their resource constraints and mixed cropping systems. 
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Chapter 5. General conclusions 
Herein study, I found that farmers have their own way of interacting with their immediate 
environment (i.e., farmlands) through which they develop their perceptions of the problems 
(e.g., awareness of ongoing soil erosion), and so influences individual conservation behavior. 
Although farmers have good understanding of the soil erosion problem in their farmlands, it 
is not fully translated into their investment decisions. Consideration of explanatory variables 
on their farm- and farmer-levels, institutional factors and the factors beyond is crucial to 
understanding their adoption behaviors and, ultimately, for understanding the conditions and 
causes of soil damage. 
Subsequently, I found that farmer perceptions regarding soil erosion, technology use 
and investment decisions are often context specific, both concerning the specific site (e.g., 
soil fertility, soil depth, watershed position) in which the practice are implemented and in 
regards to the circumstance (e.g., perceptions of soil erosion severity, perceived technology 
profitability, age, gender, education, livestock number, wealth, farm size, plot distance, 
credit, tenure) in which the farmers’ lives are engrained. So as to expedite the limited 
investment on SWC measures, focus should be given on assisting farmers (e.g., training, 
extension, adult education) to align their soil erosion perceptions with scientific knowledge 
that outlines the hazards of soil loss, and also programmes targeting soil erosion should 
provide a room to integrate local farmers expertise and assist them through introducing 
complementary enterprises (e.g., fodder) that could enable to acquire immediate benefits. It 
is also suggested that agroforestry programmes (e.g., Acacia decurrens) focus on areas with 
degraded cultivated lands and hillsides (e.g., Guder watershed). Moreover, such programmes 
should give attention to the enabling environment (e.g., gender-based extension, credit, road) 
that would arouse and maintain interests of farmers toward such land management practices 
and enable its widespread disseminations to similar areas across the region. 
In this study, I have inquired farmers’ to reflect their perceptions of the soil erosion 
problem on their operational farm plots. However, it would have been more logical to make 
a comparison between these perceptions and their corresponding measured and/or 
empirically estimated soil erosion severity levels. In this regard, I suggest a research work 
that would extend the findings of the current study. Another important aspect that has not 
been dealt with and need consideration in future research concerning factors affecting 
farmers’ perceptions about soil erosion problem in such a wider basin is the importance of 
incorporating area dummy variables so as to capture differences across sites. In addition, 
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although attention has been given to select representative study sites in the Upper Blue Nile 
Basin, considering the basin’s diversity, the findings of the study should not be extrapolated 
to other highland areas, or if so it should be with care.  
Although adoption of SLM practices by farming households is a dynamic decision 
process, the findings of this study is based on a cross-sectional data analysis. As a result, this 
limitation of the study may restrict the validity of the results obtained for long time. 
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SUMMARY 
Soil degradation—mainly through water erosion—represents a significant livelihood 
challenge in the highlands of the north-western Ethiopia. Annual soil erosion rates as high 
as 42 Mg ha–1 and more have been reported on cultivated lands. Over the last four decades, 
the government of Ethiopia with the support of several international and bilateral agencies 
have been promoting various types of land management technologies (e.g., soil bund, fanya 
juu, stone-faced soil bund, application of inorganic fertilizer) to control soil erosion and 
improve rural livelihoods. In spite of the multiple technologies being promoted in the country, 
small-scale farmers’ investment remains unsatisfactory, or it is limited to traditional 
techniques (e.g., traditional stone bund, agroforestry, drainage channel, application of 
manure). 
It is found that, there exist a widespread perceptions of the on-going soil erosion 
problem among small-scale farmers’ in the Upper Blue Nile Basin, Ethiopia. Yet these 
perceptions are only marginally translated into stimulating a sustained use and widespread 
uptake of sustainable land management (SLM) technologies. This is due to the fact that 
investment decisions (i.e., ‘to use and not to use’, and ‘how much to use’) of farmers on such 
technical solutions are mainly directed and conditioned by a series of factors—institutional, 
socio-economic, and biophysical. In order to develop appropriate SLM strategies for the 
study region, there is a need to investigate farmers’ perceptions of soil erosion severity and 
examine their corresponding actions to alleviate its perceived effects. This will be helpful to 
identify and design effective SLM programmes and support services. As a result, the study 
is aimed at examining small-scale farmers’ attitude towards soil erosion and their adoption 
of land management practices in the north-western Ethiopia. Specifically, the objectives of 
this study are threefold: (1) to investigate how farmers perceive the severity of soil erosion 
and to explore the principal determinants of variations, (2) to analyze the underlying factors 
that affect the adoption of SLM technologies, and (3) to assess the motivations of farmers to 
establish agroforestry, the respective determinants and the context in which tree planting has 
expanded. This study comprises five chapters. 
Chapter 1 presents the introductory section of this study. It sets out an overview of the 
background for the study, focusing on physical features, climate, economy, population, crop 
sector, farm size, policy, and the soil erosion problem and the country’s experience in soil 
conservation activities. Subsequently, it presents the study objectives, concepts and 
definitions, theoretical and conceptual frameworks, and outline of the thesis. 
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Chapter 2 investigates how smallholder farmers perceive the severity of soil erosion in 
the Upper Blue Nile Basin, Ethiopia. The analysis is based on a detailed survey of 300 
households and 1,010 plots operated by these households in three watersheds. Descriptive 
statistics and a partial proportional odds model were applied to analyze factors that affected 
farmers’ perceived soil erosion severity at the plot-level. Results showed that variables such 
as plot distance from the residence, plot shape and position on hill slopes affected farmers’ 
perceptions of soil erosion severity, as well as the amount of rainfall during the growing 
season. Farmer interaction with extension service agents also affected farmers’ perception 
of soil erosion severity. Despite their expected importance, education and number of 
livestock owned had no effect on the farmers’ perception of soil erosion. The results indicate 
that farmers’ perceptions generally match empirical and theoretical findings on soil erosion 
determinants; thus, farmers should be considered as important partners not only to counter 
soil erosion, but also to obtain local expertise on soil erosion severity and restoration of 
degraded land. 
Chapter 3 analyzes the underlying factors that affect the adoption of SLM technologies 
in the Upper Blue Nile Basin. A detailed survey of 300 households and 1010 farm plots was 
conducted. Data were analyzed by using both descriptive and econometric analyses. Results 
show that farmers’ adoption of interrelated SLM measures depended on a number of socio-
economic and farm-related factors in combination with the characteristics of the 
technologies themselves. For example, plot size and the availability of labor, as well as the 
gender of the household head, affected which SLM technologies were adopted by certain 
types of households. The adoption of SLM measures depended on the adaptive economic 
capacity of the farmers, which can be quite diverse even within a small region and can differ 
from the adoption potential in other regions. Our results suggest that SLM policies and 
programmes have to be individually designed for specific target groups within specific 
regions, which in turn means that “one size fits all” and “across the board” strategies—which 
are quite common in the field of SLM—should be abandoned by development agencies and 
policymakers. 
Chapter 4 examines why and which factors determine the decisions of small-scale 
farmers to grow short-rotation woodlots on their land as an additional source of livelihood 
and as a land management option. Data used in this study were collected from a survey of 
200 randomly selected households in the region. A Tobit regression model was used to 
determine predictor variables for farmers’ decisions to allocate land to planting Acacia 
decurrens (J.C. Wendl.) Willd. and at what density trees are planted on the respective plots. 
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The most important motivations for planting A. decurrens were income, soil fertility 
management, and soil and water conservation. Having a male head of household, long 
distance to markets and plots being on marginal land, among other factors, increased the 
allocation of land to A. decurrens woodlots. Having a male head of household, access to 
credit and plots being on marginal land, among other factors, increased tree planting density. 
Age had a negative effect on both allocation of land to woodlots and tree density, whereas 
farm size had an inverted U-shaped relationship with both decisions. These results suggest 
that wider expansion of A. decurrens-based plantation systems could be achieved through 
improving extension, credit access and road infrastructure to connect small-scale farmers to 
markets and finance. 
Chapter 5 provides a general synthesis of the whole thesis, including conclusions, policy 
implications, limitations of the study, and avenues for further research. 
The findings of this study showed that small-scale farmers’ perceived soil erosion 
severity and adoption of SLM technologies were conditioned by a number of socio-
economic, biophysical, institutional and farm related factors in combination with the 
characteristics of the technologies themselves. These findings allow deriving policy 
recommendations to enhance voluntary uptake of SLM technologies by small-scale farmers. 
Thus, SLM programmes and support services should give attention to “participatory” 
approach to ascertain farmers’ attitudes about soil erosion and their preferences of counter 
measures. This will in turn allow them to capitalize on localized knowledge and design 
policies and strategies that promote restoration of degraded lands. 
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Ꮫ఩ㄽᩥᴫせ 
 ᅵተࡢຎ໬ࠊ࡜ࡃ࡟㝆㞵࡟ࡼࡿᅵተ౵㣗㸦Ỉ㣗㸧ࡣࠊ࢚ࢳ࢜ࣆ࢔໭す㒊ࡢ㧗ᆅ࡛
ᬽࡽࡍேࠎ࡟࡜ࡗ࡚ࠊ⏕ィࢆ⬣࠿ࡍ㔜せ࡞ၥ㢟࡜࡞ࡗ࡚࠸ࡿࠋࡇࡢᆅᇦࡢ⪔సᆅ࡛
ࡣ 42 Mg/ha௨ୖࡢᖺ㛫ᅵተ౵㣗㏿ᗘࡀሗ࿌ࡉࢀ࡚࠸ࡿࠋ㐣ཤ 40ᖺ࡟ࢃࡓࡾࠊ࢚
ࢳ࢜ࣆ࢔ᨻᗓࡣ࠸ࡃࡘ࠿ࡢᅜ㝿ᶵ㛵࠾ࡼࡧ஧ᅜ㛫ࡢ᥼ຓࢆᚓ࡚ࠊᅵተ౵㣗ࢆไᚚࡋࠊ
㎰ᮧࡢ⏕ィࢆྥୖࡉࡏࡿࡓࡵࡢᵝࠎ࡞✀㢮ࡢᅵᆅ⟶⌮ᢏ⾡㸦౛࠼ࡤࠊࢯ࢖ࣝࣂࣥࢻࠊ
ࣇ࢓ࢽࣕࢪࣗࠊࢫࢺ࣮ࣥࣂࣥࢻ➼㸧ࢆᑟධࡋ࡚ࡁࡓࠋ࢚ࢳ࢜ࣆ࢔࡛ࡣ」ᩘࡢᢏ⾡ࡀ
ዡບࡉࢀ࡚ࡁࡓࡀࠊᑠつᶍ㎰ᐙ࡟ࡼࡿᢞ㈨ࡣ୙༑ศ࡛࠶ࡾࠊఏ⤫ⓗ࡞ᢏ⾡㸦౛࠼ࡤࠊ
ఏ⤫ⓗ࡞ࢫࢺ࣮ࣥࣂࣥࢻࠊ࢔ࢢࣟࣇ࢛ࣞࢫࢺࣜࠊ᤼Ỉ㊰ࠊሁ⫧ࡢ᪋⏝➼㸧࡟㝈ࡽࢀ
࡚࠸ࡿࠋ 
 ࢚ࢳ࢜ࣆ࢔ࡢ㟷ࢼ࢖ࣝᕝୖὶᇦ࡟࠾࠸࡚ࡣᑠつᶍ㎰ᐙࡣ㐍⾜୰ࡢᅵተ౵㣗ၥ㢟
ࢆᗈࡃㄆ㆑ࡋ࡚࠸ࡿࡇ࡜ࡀ▱ࡽࢀ࡚࠸ࡿࠋࡋ࠿ࡋࠊࡇࢀࡽࡢㄆ㆑ࡣࠊᣢ⥆ྍ⬟࡞ᅵ
ᆅ⟶⌮㸦Sustainable Land Management: SLM㸧ᢏ⾡ࡢᣢ⥆ⓗ࡞฼⏝࡜ᗈ⠊࡞㐺
⏝࡟ࡣ࡯࡜ࢇ࡝ࡴࡍࡧࡘ࠸࡚࠸࡞࠸ࠋࡇࢀࡣࠊࡑࡢࡼ࠺࡞ᢏ⾡ⓗゎỴ⟇࡟㛵ࡍࡿ㎰
ᴗᚑ஦⪅ࡢᢞ㈨ពᛮỴᐃ㸦ࡍ࡞ࢃࡕࠊࠕ౑⏝ࡍࡿ࠿ྰ࠿ ࠖࠊࠕ࡝ࡢ⛬ᗘ౑⏝࠿ 㸧ࠖࡣࠊ
୺࡜ࡋ࡚ไᗘⓗࠊ♫఍⤒῭ⓗࠊ࠾ࡼࡧ⏕≀≀⌮Ꮫⓗせᅉ࡟ࡼࡾ᪉ྥ௜ࡅࡽࢀࠊ᮲௳
௜ࡅࡽࢀ࡚࠸ࡿࡓࡵ࡛࠶ࡿࠋ◊✲ᑐ㇟ᆅᇦ࡟࠾ࡅࡿ㐺ษ࡞ SLMᡓ␎ࢆ⟇ᐃࡍࡿࡓ
ࡵ࡟ࡣࠊᅵተ౵㣗ࡢ㔜኱ࡉ࡟ᑐࡍࡿ㎰Ẹࡢㄆ㆑ࢆㄪᰝࡋࠊᅵተ౵㣗ࡢᙳ㡪ࢆ㍍ῶࡍ
ࡿࡓࡵࡢᑐฎ⾜ືࢆㄪ࡭ࡿᚲせࡀ࠶ࡿࠋࡇࢀࡣࠊຠᯝⓗ࡞ SLMࣉࣟࢢ࣒ࣛ࡜ᨭ᥼
ࢧ࣮ࣅࢫࢆ≉ᐃࡋࠊタィࡍࡿࡢ࡟ᙺ❧ࡘࠋࡑࡇ࡛ᮏ◊✲ࡣ࢚ࢳ࢜ࣆ࢔໭す㒊࡟࠾ࡅ
ࡿᑠつᶍ㎰ᐙࡢᅵተ౵㣗࡟ᑐࡍࡿㄆ㆑࡜ᅵᆅ⟶⌮⟇ࡢ㑅ᢥ࡟㛵ࡍࡿỴᐃせᅉࢆ᫂
ࡽ࠿࡟ࡍࡿࡇ࡜ࢆ┠ⓗ࡜ࡋࡓࠋලయⓗ࡟ࡣࠊձ㎰ᐙࡢᅵተ౵㣗࡟㛵ࡍࡿㄆ㆑࠾ࡼࡧ
ࡑࡢỴᐃせᅉࡢゎ᫂ࠊղSLM ᢏ⾡ࡢ᥇⏝࡟ᙳ㡪ࡍࡿせᅉࡢศᯒࠊճ ⏕ィྥୖࡢ㔜
せ࡞ᡭẁ࡜࡞ࡗ࡚࠸ࡿ࢔ࢢࣟࣇ࢛ࣞࢫࢺࣜࢆᑟධࡍࡿ࡟࠶ࡓࡗ࡚ࡢ㎰ᐙࡢືᶵ࡜
Ỵᐃせᅉࡢゎ᫂࡜࠸࠺୕ࡘࡢㄢ㢟࡟ྲྀࡾ⤌ࢇࡔࠋᮏㄽᩥࡣ௨ୗࡢ㸳❶࠿ࡽᵓᡂࡉࢀ
࡚࠸ࡿࠋ 
➨ 1❶ࡣࠊᮏ◊✲ࡢ⤂௓㒊ศ࡛࠶ࡿࠋẼೃࠊ⤒῭ࠊேཱྀࠊ⪔సࠊ㎰ሙࡢ኱ࡁࡉࠊ
ᨻ⟇ࠊᅵተ౵㣗ၥ㢟ࠊᅵተಖ඲άື࡟࠾ࡅࡿᅜࡢ⤒㦂࡟↔Ⅼࢆᙜ࡚࡚ࠊ◊✲ࡢ⫼ᬒ
ࢆᴫㄝࡍࡿࠋࡑࡢᚋࠊ◊✲┠ⓗࠊᴫᛕ࡜ᐃ⩏ࠊ⌮ㄽⓗ࠾ࡼࡧᴫᛕⓗᯟ⤌ࡳࠊ࠾ࡼࡧ
ㄽᩥࡢᴫせࢆᥦ♧ࡍࡿࠋ 
➨ 2 ❶࡛ࡣࠊᑠつᶍ㎰ᐙࡀ࢚ࢳ࢜ࣆ࢔ࡢ㟷ࢼ࢖ࣝᕝୖὶᇦ࡟࠾ࡅࡿᅵተ౵㣗ࡢ
῝้ࡉࢆ࡝ࡢࡼ࠺࡟ㄆ㆑ࡋ࡚࠸ࡿ࠿ࢆ᫂ࡽ࠿࡟ࡋࡓࠋ㎰ᐙࡢᅵተ౵㣗࡟㛵ࡍࡿㄆ㆑
࠾ࡼࡧࡑࡢỴᐃせᅉࡢゎ᫂ࡍࡿࡓࡵ࡟㟷ࢼ࢖ࣝᕝୖὶᇦ࡟఩⨨ࡍࡿ୕ࡘࡢᑠὶᇦ
࡟ᬽࡽࡍ 300 ୡᖏࡢᑠつᶍ㎰ᐙࢆᑐ㇟࡜ࡋࡓ⪺ࡁྲྀࡾㄪᰝ࠾ࡼࡧ 1010 ࡢ㎰ᆅࣉ
ࣟࢵࢺ࡟㛵ࡍࡿᐇᆅㄪᰝࢆ⾜ࡗࡓࠋグ㏙⤫ィ࡜㒊ศẚ౛࢜ࢵࢬࣔࢹࣝࢆ㐺⏝ࡋ࡚ࠊ
ࣉࣟࢵࢺ࡛ࣞ࣋ࣝࡢ㎰ᐙࡢᅵተ౵㣗࡟㛵ࡍࡿㄆ㆑࡟ᙳ㡪ࢆ୚࠼ࡿせᅉࢆศᯒࡋࡓࠋ
⤖ᯝࡣࠊ⏕⫱ᮇࡢ㝆㞵㔞࡟ຍ࠼࡚ࠊᒃఫᆅ࠿ࡽࣉࣟࢵࢺࡲ࡛ࡢ㊥㞳ࠊࣉࣟࢵࢺࡢᙧ
≧࠾ࡼࡧᩳ㠃ୖࡢ఩⨨࡞࡝ࡢኚᩘࡀࠊ㎰ᐙࡢᅵተ౵㣗ࡢ㔜኱ᛶ࡟㛵ࡍࡿㄆ㆑࡟ᙳ㡪
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ࢆ୚࠼࡚࠸ࡓࠋࡲࡓ㎰Ẹࡢ㎰ᴗᬑཬဨ࡜ࡢࡸࡾ࡜ࡾࡶࡲࡓ㎰ᐙࡢᅵተ౵㣗ࡢㄆ㆑࡟
ᙳ㡪ࢆ୚࠼ࡓࠋண᝿࡟཯ࡋ࡚ࠊᩍ⫱Ṕࡸᡤ᭷ࡉࢀ࡚࠸ࡿᐙ␆ࡢᩘࡣࠊ㎰ᐙࡢᅵተ౵
㣗ࡢㄆ㆑࡟ᙳ㡪ࢆ୚࠼࡚࠸࡞࠿ࡗࡓࠋ㎰ᐙࡢㄆ㆑ࡣࠊᅵተ౵㣗ࡢỴᐃせᅉ࡟㛵ࡍࡿ
⤒㦂ⓗ࠾ࡼࡧ⌮ㄽⓗ࡞▱ぢ࡜ᴫࡡ୍⮴ࡋ࡚࠾ࡾࠊᅵተ౵㣗࡜ຎ໬ᅵᆅࡢᅇ᚟࡟㛵ࡍ
ࡿᅵᆅ࡟᰿ࡊࡋࡓᑓ㛛▱㆑ࢆᚓࡿ࠺࠼࡛㎰Ẹࡣ㔜せ࡞ࣃ࣮ࢺࢼ࣮࡜ࡳ࡞ࡍࡇ࡜ࡀ
࡛ࡁࡿࠋ 
➨㸱❶࡛ࡣࠊSLM ᢏ⾡ࡢ᥇⏝࡟ᙳ㡪ࡍࡿせᅉࡢศᯒࡍࡿࡓࡵ࡟ࠊୖ㏙ࡋࡓ㎰ᐙ
࠾ࡼࡧ㎰ᆅࢆᑐ㇟࡟ࡉࡽ࡟ㄪᰝࢆ⾜࠸ࠊグ㏙⤫ィ࠾ࡼࡧィ㔞⤒῭ⓗᡭἲࢆ⏝࠸࡚ࢹ
࣮ࢱࢆศᯒࡋࡓࠋ⤖ᯝࡣࠊ㎰ᐙࡢ SLM ᢏ⾡ࡢ᥇⏝ࡣࠊᢏ⾡⮬యࡢ≉ᛶ࡟ຍ࠼࡚ࠊ
♫఍⤒῭ⓗせᅉ࠾ࡼࡧ㎰ᴗ㛵㐃ࡢせᅉ࡟౫Ꮡࡍࡿࡇ࡜ࡀ♧ࡉࢀࡓࠋ౛࠼ࡤ㎰ᆅࣉࣟ
ࢵࢺࡢ኱ࡁࡉ࡜ປാ౪⤥ྍ⬟ᛶࠊୡᖏ୺ࡢᛶู࡞࡝ࡀ᥇⏝ࡉࢀࡿ SLMᢏ⾡࡟ᙳ㡪
ࢆ୚࠼ࡓࠋ࡝ࡢࡼ࠺࡞ SLMᢏ⾡ࡀ㑅ᢥࡉࢀࡿ࠿ࡣࠊᑠࡉ࡞ᆅᇦෆ࡛࠶ࡗ࡚ࡶ㠀ᖖ
࡟ከᵝ࡛࠶ࡾࠊ㎰ᴗᚑ஦⪅ࡢ⤒῭ⓗ㐺ᛂ⬟ຊ࡟ࡼࡗ࡚ࠊᆅᇦࡈ࡜࡟␗࡞ࡿ SLMᢏ
⾡ࡀ᥇⏝ࡉࢀ࡚࠸ࡓࠋࡇࡢ⤖ᯝࡣࠊᆅᇦ࡟ࡼࡗ࡚ࠊࡲࡓࢱ࣮ࢤࢵࢺࢢ࣮ࣝࣉ࡟ࡼࡗ
࡚␗࡞ࡿ SLM ࡢ᪉㔪࡜ࣉࣟࢢ࣒ࣛࢆಶู࡟タィࡍࡿᚲせࡀ࠶ࡿࡇ࡜ࢆ♧ࡋ࡚࠸
ࡿࠋࡍ࡞ࢃࡕ SLMᢏ⾡ࡢᬑཬ࡟࠶ࡓࡗ࡚ࡣࠊ୍⯡ⓗ࡛⏬୍ⓗ࡞ᡭἲࡸ୍ᚊⓗ࡞ᡓ
␎ࡣຠᯝⓗ࡛ࡣ࡞࠸࡜⪃࠼ࡽࢀࡓࠋ 
➨㸲❶࡛ࡣࠊ࢔ࢢࣟࣇ࢛ࣞࢫࢺࣜࢆᑟධࡍࡿ࡟࠶ࡓࡗ࡚ࡢ㎰ᐙࡢືᶵ࡜Ỵᐃせᅉ
ࢆゎ᫂ࡍࡿࡓࡵࠊ200ୡᖏࢆᑐ㇟࡟⪺ࡁྲྀࡾㄪᰝࢆ⾜ࡗࡓࠋࢺ࣮ࣅࢵࢺᅇᖐࣔࢹࣝ
ࢆ⏝࠸࡚ࠊ㎰ᐙࡀ࢔࢝ࢩ࢔࣭ࢹ࢝ࣞࣥࢫ㸦Acacia decurrens㸧ࢆ᳜࠼ࡿࡓࡵ࡟࡝ࡢ
⛬ᗘࡢᅵᆅࢆ๭ࡾᙜ࡚ࡿ࠿ࠊࡲࡓ࡝ࡢ⛬ᗘࡢ᱂᳜ᐦᗘ࡛᳜ᯘࡍࡿ࠿ࡢỴᐃ࡟㛵ࢃࡿ
せᅉࢆศᯒࡋࡓࠋA. decurrens᳜᱂ࡢ୺せ࡞㔜せ࡞ືᶵࡣࠊ཰ධࠊᅵተ⫧Ỻᗘ⟶⌮ࠊ
࠾ࡼࡧᅵተ࣭Ỉಖ඲࡛࠶ࡗࡓࠋᐙ㛗ࡀ⏨ᛶࡢୡᖏࠊᕷሙ࡬ࡢ㊥㞳ࡀ㐲࠸ࡇ࡜ࠊ࠾ࡼ
ࡧ㝈⏺ᆅ࡞࡝ࡢ᮲௳࡛ࡣࠊA. decurrensᅡሙ࡬ࡢᅵᆅ㓄ศࡀࡼࡾከ࠿ࡗࡓࠋ⏨ᛶࡀ
ᐙ㛗ࡢୡᖏࠊ㔠⼥࡬ࡢ࢔ࢡࢭࢫࡀ࠶ࡿࡇ࡜ࠊ㝈⏺ᆅ࡜࠸ࡗࡓ᮲௳࡛ࡣ᱂᳜ᐦᗘࡀ㧗
࠿ࡗࡓࠋୡᖏ୺ࡢᖺ㱋ࡣ᳜ᯘᆅ࡬ࡢᅵᆅ㓄ศ࡜᱂᳜ᐦᗘࡢ୧᪉࡜㈇ࡢ㛵ಀࡀ࠶ࡗࡓ
ࡀࠊ㎰ᆅ㠃✚ࡣ୧⪅࡜㏫ U Ꮠᆺࡢ㛵ಀ࡟࠶ࡗࡓࠋࡇࢀࡽࡢ⤖ᯝࡣࠊ㎰ᴗᢏ⾡ᣦᑟ
ࡸࠊᑠཱྀ⼥㈨ࠊ㐨㊰ᩚഛ࡞࡝ࢆ㏻ࡌ࡚ᑠつᶍ㎰ᐙࡢᕷሙ࡬ࡢ࢔ࢡࢭࢫࡸ㈨㔠ㄪ㐩ࢆ
ᐜ᫆࡟ࡍࡿࡇ࡜ࡀ A. decurrens᳜ᯘࡢᬑཬ࡟ࡘ࡞ࡀࡿྍ⬟ᛶࢆ♧၀ࡋ࡚࠸ࡿࠋ 
 ➨ 5❶࡛ࡣࠊ⤖ㄽࠊᨻ⟇ⓗ࡞ព⩏ࠊ◊✲ࡢ㝈⏺ࠊ௒ᚋࡢ◊✲ㄢ㢟࡞࡝ࠊㄽᩥ඲య
ࢆ⥲ྜⓗ࡟ࡲ࡜ࡵࡓࠋ 
ࡇࡢ◊✲ࡢ⤖ᯝࡣࠊᑠつᶍ㎰ᐙࡢᅵተ౵㣗ࡢ㔜኱ࡉ࡟㛵ࡍࡿㄆ㆑࡜ SLMᢏ⾡ࡢ
᥇⏝ࡀࠊᢏ⾡⮬యࡢ≉ᛶ࡟ຍ࠼࡚ࠊࡉࡲࡊࡲ࡞♫఍⤒῭ⓗࠊ⏕≀≀⌮Ꮫⓗࠊไᗘⓗࠊ
࠾ࡼࡧ㎰ሙ㛵㐃ࡢせᅉ࡟ࡼࡗ࡚᮲௳௜ࡅࡽࢀ࡚࠸ࡿࡇ࡜ࢆ♧ࡋࡓࠋࡇࢀࡽࡢ▱ぢ࠿
ࡽࠊᑠつᶍ㎰ᐙ࡟ࡼࡿ⮬୺ⓗ࡞ SLMᢏ⾡ࡢ᥇⏝ࢆಁ㐍ࡍࡿࡓࡵࡢᨻ⟇ᥦゝࢆᑟࡁ
ฟࡍࡇ࡜ࡀྍ⬟࡜࡞ࡿࠋ௨ୖࡢࡇ࡜࠿ࡽࠊSLM ࣉࣟࢢ࣒ࣛ࡜ᨭ᥼ࢧ࣮ࣅࢫࡣࠊ㎰
Ẹࡢᅵተ౵㣗࡟ᑐࡍࡿែᗘ࡜ᑐ⟇ࡢ㑅ᢥࢆ☜ㄆࡍࡿࠕཧຍᆺ ࢔ࠖࣉ࣮ࣟࢳ࡟␃ពࡍ
࡭ࡁ࡛࠶ࡿࠋࡇࢀ࡟ࡼࡾࠊຎ໬ࡋࡓᅵᆅࡢᅇ᚟ࢆಁ㐍ࡍࡿ࠺࠼࡛ࠊఫẸࡢᣢࡘᅾ᮶
▱㆑ࢆά⏝ࡋࠊᨻ⟇࡜ᡓ␎ࢆタィࡍࡿࡇ࡜ࡀྍ⬟࡜࡞ࡿࠋ  
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